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APPENDIX A
REMEDIAL INVESTIGATION ANALYTICAL SUMMARY
MEDLEY FARM SITE

REFERENCE: MEDLEY FARM SITE
FINAL REMEDIAL INVESTIGATION REPORT
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TABLE 5.3 Page 1 0f 8
MEDLEY FARM SITE RI
ANALYTICAL DATA SUMMARY
ORGANIC COMPOUNDS DETECTED
IN
SOILS (ug/kg)
SAMPLE ID TP1-1 TP2-1 TP3-1 TP4-1 TP5-1 TP7-1 TP8-1 TPY-1 TPt2-1 TP13-1 TP14-1 TP15-1
COMPOUND
1,1-Dichloroethene 140 E 14
1,1-Dichloroethane 47
1,1,1-Trichloroethane 560 E
1,1,2-Trichloroethane YA
1,1,2,2-Tetrachloroethane 3400 E
1,2-Dichloroethane 90
1,2-Dichloroethene (total) 12000 E 730 E 250
2-Butanone 81 1000
4-Methyl-2-pentanone 16 390
Acetone 12 2300 E -870 580 DE
Benzene 600 E 160
Carbon Disulfide 450 E
Chlorobenzeng 2500 E 360 E
Ethylbenzene ' 1200 E{ 110 70
Methylene Chloride 800 E 24 31
Styrene 110
Tetrachloroethene (PCE) 61000 E 5400 E 3 10
Toluene ' 12000 E| 1300 E 15
Trichloroethene 12000 E 6600 E 8 280 D N 16
Vinyl Acelate 13
Vinyl Chloride 500 E 69
Xylene (Total) 3.7 3900 E 620 E 170 250
Data Flags:

D- Sample diluted for this analyte.
E- Eslimated result. Analyte concentration exceeded the Instrument calibration range.

Notes:
No volatile organic compounds were detected in soil samples coflected from test pits TP6, TP10, TP11, and TP16.




TABLE 5.3 (continued) Page 2 of 8

MEDLEY FARM SITE Rl
ANALYTICAL DATA SUMMARY
ORGANIC COMPOUNDS DETECTED
IN
SOILS (ug/kg)

SAMPLE ID TP2-1 TP3-1 TP4-1 TP5-1 TP7-1
COMPOUND
2-Methylnaphthalene 550
1,2,4-Trichlorobenzene 710000 D{ 240000 D
Acenaphthalene 75000
Phenol 94000 D
Bis(2-Ethylhexyl)phthalate 161000 630
Data Flags:

D - Sample diluted for this analyte.

Notes:
No semi-volatile organic compounds were detected in soil samples collected from test pits TP1 and TP9.
Soil samples collected from test pits TP6 and TP8 were not analyzed for semi-volatile organic compounds.




TABLE 5.3 (continued)
MEDLEY FARM SITE RI

Page 3of 8

ANALYTICAL DATA SUMMARY
ORGANIC COMPOUNDS DETECTED
IN
SOILS (ug/kg)
1,1,2,2-TETRACHLOROETHANE METHYLENE CHLORIDE

Sample Soil Boring Number Sample Soi! Boring Number

Depth SB2 SB5 SB6 Depth SB3 SB4

5-7 ¢ nd 6 5-7 * ¢
10-12' 710 D nd * 10-12 50 10
15-17 97 D 9 nd 15-17 nd 32
25-27T 74 D nd nd 25-27T nd 17

CHLOROFORM TRICHLOROETHENE

Sample Soil Boring Number Sample Soil Boring Number
Depth SB2 SB6 Depth SB4 SB7

5-7 ¢ 13 5-7 * 24
10 - 12' 600 D ¢ 10.12 19 ¢
15-17 nd nd 15-17 32 nd
25 -27" nd nd 25 - 27 17 nd

1,2-DICHLOROETHANE

Sample Soil Boring Number

Depth SB4 SB7 SB9 SB10

5-7 : 97 * 23
10-12' 3700 D * 47 ¢
15-17 4500 D nd 32 nd
25 -27 680 D nd 99 nd

Data Flags:

D- Sample diluted for this analyte.
E - Estimated result. Analyte concentration exceeded the Instrument calibration range.

Notes:

nd - Not detected
* - Not analyzed.

2-Butanone was detected in boring SB2 at 15 - 17° at 90 ug/kg in the diluted sample.
1,2-Dichloroethene (total) was detected in boring SB3 at 10 - 12" at 17 ug/kg.

PCE was detected in boring SB7 at 5 - 7' at 12 ug/kg.
Results are reported only for borings in which analytes were detected. Complete tables of analytical results are provided in Appendix L.




TABLE 5.3 (continued) Page 4 0f 8
MEDLEY FARM SITE RI
ANALYTICAL DATA SUMMARY
ORGANIC COMPOUNDS DETECTED
IN
SOIL (ug/kg)
ACETONE

Sample Soil Boring Number

Depth SB2 SB3 SB4 SBS

5-7 ¢ * ‘ nd

10-12' 18000 DE 140 200 21

1547 7300 DE 55 1900 D 5§70 D

25-27 750 D 16 100 nd

ACETONE (continued)
Sample Soil Boring Number
Depth SB6 SB7 SB8 SB9 sB10
5.7 58 4700 D 86 * 31
10-12' ‘ * * 94 4
1517 nd 120 58 110 40
2527 nd 18 250D nd 65
Data Flags:

D- Sample diluted for this analyte.

E - Estimated result. Analyte concentration exceeded the instrument calibration range.

Notes:
nd - Not detected
* - Not analyzed

2-Butanone was detected in boring SB2 at 15 - 17" at 90 ug/kg In the difuted sample,

1,2-Dichloroethene (total) was detected in boring SB3 at 10 - 12" at 17 ug/kg.

PCE was detected In boring SB7 at 5 - 7' at 12 ug/kg.

Results are reported only for borings in which analytes were detected. Completa tables of analytical results are provided In Appendix L.




TABLE 5.3 (continued) Page 5 of 8
MEDLEY FARM SITE RI
ANALYTICAL DATA SUMMARY
ORGANIC COMPOUNDS DETECTED
IN
SOIL (ug/kg)

1,2-DICHLOROBENZENE NAPHTHALENE PHENOL
Sample |Soil Boring Number Sample |[Soil Boring Number ' Sample | Soil Boring Number
Depth SB3 Depth SB83 Depth SB2
5-7 ‘ 5.7 ' 5-7 *
10 - 12 nd 10 - 12 nd 10 - 12' 77000
15 - 17 460 15 - 17 410 15 - 17 nd
25 -27' nd 25 -27 nd 25_-27 690
1,4-DICHLOROBENZENE DIETHYLPHTHALATE BENZOIC ACID
Sample |Soil Boring Number Sample |[Soil Boring Number Sample {Soil Boring Numbe
Depth SB83 Depth SB3 Depth SB2
5.7 * 5-7 * 5-7 *
10 - 12 nd 10 - 12 nd 10 - 12 nd
15 - 17" 2300 15 - 17 nd 15 - 17 nd
25 -27° nd 25 _-27' 3200 25 _-271 2600

1,2,4-TRICHLOROBENZENE

Sample Soil Boring Number
Depth SB2 SB3
5 - 7| L ] L]

10 - 12’ nd 700

15 - 17 nd 12000
25-27' 5200 nd

Notes:
nd - Not detected
* - Not analyzed

Results are reported only for borings in which analytes were detected.
Complete tables of analytical results are provided in Appendix L.

..




TABLE 5.3 (continued) Page 6 of 8
MEDLEY FARM SITE RI
ANALYTICAL DATA SUMMARY
ORGANIC COMPOUNDS DETECTED
IN

SOILS (ug/kg) - See Note
SAMPLE 1.D. HA-1 HA-2 HA-3 HA-4 HA-5 HA-6 HA-7 HA-11 HA-6-A
PARAMETER
1,1,2,2-Tetrachioroethane N 85
1,1,2-Trichloroethane 160 110
1,2-Dichloroethene {total) 170 11 6 120 200
1,2-Dichloropropane 21
Ethylbenzene 7 33
Methylene chioride 6 23
Styrene 11
Tetrachloroethene 37 69 53
Trichloroethene 14 50 7 70
Vinyl chloride 25 25 28 210




TABLE 5.3 (continued) Page 7 of 8

MEDLEY FARM SITE RI
ANALYTICAL DATA SUMMARY
ORGANIC COMPOUNDS DETECTED
IN

SOILS (ug/kg) - See Notes

SAMPLE 1.D. HA-6 HA-6 HA-11
DILUTION

PARAMETER
1,2,4-Trichiorobenzene 990 @ 1100 DJ 1200 @
bis(2-Ethylhexyl)phthalate 29000 E 33000 D
Butylbenzylphthalate 900 @ 1100 DJ
Di-n-butylphthalate 930 @ 1100 DJ
Di-n-octyiphthalate 5400 4900 D@
Notes:

D - Sample diluted for this analyte.

J - Estimated result. Analyte detected at less than the sample quantitation limit.

E - Estimated result. Analyte concentration exceeded the instrument calibration range.
@ - Estimated result less than 5 times the detection limit.




TABLE 5.3 (continued)
MEDLEY FARM SITE R

Page 8 of 8

ANALYTICAL DATA SUMMARY
ORGANICS DETECTED
IN
SOILS (ug/kg) - See Note
SAMPLE LOCATION HA1 HA3 HAS8 HA11
SAMPLE I.D. HA1-2 HA3-2 HA8-2 HA11-2
PARAMETER
Toxaphene 330
PCB-1254 200 1900 430




TABLE 5.4

COMPARISON OF INORGANIC CONCENTRATIONS (mg/kg) IN TEST PITS (PHASE 1A)
AT THE MEDLEY FARM SITE WITH COMMONLY OCCURRING RANGES AND BACKGROUND SOILS

1 2 RANGE IN SITE SPECIFIC
PHASE IA TEST PITS COMMON RANGE OF ELEMENTS  ELEMENT CONC. BACKGROUND SAMPLES
IN SOIL - LINDSAY (1979) IN EASTERN U.S. SURFACE SOILS
INORGANICS TPt P2 TP3 TP4 TPS 7 TP9 TP10 RANGE __ __AVERAGE USGS (1984) SOIL BORING SB1 _HA-13. HA-14 HA-15
Ag BOL(c) BDL(c) BDL{c) BDL(c) BDL({c) BDL) BOLE)  BDL(e) 0.01-5 0.05 - BOL BOL
Al 21,000(b) 13700(b) 13.900(b) 10,300(b) 7830(b) 12.200(b) 20,200  16,300(b) 10,000-300,000 71,000 47% 19,00 - 33,300 24,400 - 66,800
As 306 9.8 20.2 19.8 BDL(a) 283 411 138 1-50 5 52 142-214 158-409
Ba 58 315 BDL(a)  BDL(a) 105 86.9 728 272 100-3,000 430 440 BOL - 98 446-958
ca BDL(a) 1040 BOL(a) BDL(a) BDL(a) BDL(a) BOL(a) BOL(a) 7,000-500,000 13,700 0.92% BOL BDL-1030
cd BOL(c) BOL(c) BDL(c) BOL(c) BDL{c) BDOL) BOLc) BDL(c) 0.01-0.70 0.06 - BDL-1.3 BDL
Co BODL(a) BDL(a) BODL@@ BDL(a) BOL(a) BDLa) BOL(@a) BOL(a) 140 8 67 BOL - 13 BOL -14.8
cr 62 9.3 BDL(a) 76 6.8 73 7.4 6.1 1-1,000 100 a7 BOL - 10 35-126
Cu BDL(a) 10.9 79 87 52 108 9.2 15.9 2-100 30 17 96-18 BOL - 39.1
Fo 26500(b) 17.400(b) 9450(b) 10,500(b) 6560(b) 10300(b) 13200  18,400(b) 7,000-550,000 38,000 18% 16,000-23,500 22,200 - 34,700
Hg 8OL(c) BOL(c) BOL(c) BOL{c) BDLc) BOLc) BDOLE)  BOL(c) 0.01-0.30 0.03 0.058 BOL 80L
K BOL(a) BOL(a) BOL(a) BDL(a) BDL(a) BDL@ BDL@a)  BDL(a) 200-5,000 600 1.5% 1,090 - 4,190 BOL - 1350
Mg BOL(a)  BOL(a) 324 BOL(a) BDL(a) BOL(a) BDL@)  BDL(a) 600-8,000 5,000 0.44% 1,480 - 5,610 1370 - 2380
Mn 77(b) 152(b)  755() 86.8(b)  214(b)  242(a) 123 137(b) 20-3,000 600 330 94.7 - 1,060 99.9 - 302
Na BOL(a) BOL(a) BOL(a) BOL(a) BOL(a) BDL(a) BDL(a) BDL(a) 750-7,500 6,300 0.59% BOL BOL
Ni BOL(c) BDL(c)  BDLc) BOL{) BDL() BDL{c) BOL(a) BOL(c) 5500 40 13 BOL BOL
Pb 14.3 89 27.4 35 274 212 236 213 2-200 10 16 17.7-19.8 12.2-20.1
Sb BOL(c) BDL(c) BOL(c) BDL(c) BOL(c) BDL() BDOLE) BOL(c) - - 0.48 BDL-34.3 10.7-249
Se BOL(c) BOL(c) BOl() BOL{c) BOLE) BDLc) 0.43 BOL(a) 0.1-2 03 0.26 BDL BOL
T BOL(c) BDL(a) BDL{c) BOL(c) as BOL(c) BDL(c)  BDL(c) - - - BOL BDL
v 428 252 18.4 198 142 207 276 3.7 20-500 100 58 232-38.1 47.3-102
Zn 25 124 12.6 16.8 20.1 318 344 67.3 10-300 50 48 236-65.4 325-48.1
Cyanide  BDL(c) BDL(c) BDL(c) BDLE) BOL(e)  BDL(c) 1 088 - - - - -

a Below Contract Required Detection Limits.

b Estimated Result.
¢ Below Instrument Detection Limit.

References:

1. Lindsay, W., 1979. Chemical Equilibrium in Solls. New York: John Wiley and Sons.

2. Shacklette, H.T. and J.G. Boerngen, 1984. Element Concenirations in Soils and Other Surficial Materials of the Conterminous United States. U.S. Geological Survey Professional Paper 1270.




TABLE 5.5
MEDLEY FARM SITE R!
COMPARISON OF INORGANIC CONCENTRATIONS (mg/kg)

IN
- SURFACE SOILS - See Notes

SAMPLE I.D. HA-4 HA-8 HA-9 HA-10 HA-13 HA-14 HA-15
PARAMETER
Aluminum 29600 19800 48600 37100 24400 66800 33700
Antimony BDL (a) BDL (c) BDL (a) BDL (c) 147 249 10.7
Arsenic 21.6 15 29 28.8 15.6 409 253
Barium 134 89.1 96.8 89.1 446 95.8 77.9
Beryllium BDL (a) BDL (a) BDL (a) BDL (a) BDL (a) BDL (a) BDL (a)
Cadmium BDL (c) BDL (c) BDL (¢) BDL (c) BDL (c) BDL (c) BDL (¢)
Calcium BDL (a) BDL (a) BDL (a) BDOL (a) 1030 BDL (a) BDL (a)
Chromium 16.4 11.2 118 12 35 10.1 12.6
Cobalt 16.1 (b) BDL (a) BDL (a) BDL (a) BDL (a) BDL (a) 14.6 (b)
Copper 9.6 11.2 2741 19.6 BDL (a) 378 39.1
fron 20800 18200 26400 24200 22200 30000 34700
Lead 349 15.6 25.8 12.8 12.2 13.3 20.1
Magnesium 994 BDL (a) 1030 BDL (a) 2380 1400 1370
Manganese 590 343 225 87.6 190 99.9 302
Mercury BDL (¢) BDL (c) BDL (c) BDL (c) BDL (c) BDL (c) BDL (c)
Nickel 6.8 BDL (a) 7.1 BDL (a) BDL (a) BDL (a) BDL (a)
Potassium 1450 934 1710 1600 BDL (a) 1350 BDL (a)
Selenium BDL (c) BDL (c) BDL (c) BDL (¢) BDL (¢) BDL (c) BDL (c)
Silver BDL (a) BDL (c) BDL (a) BDL (a) BDL (a) BDL (a) BDL (¢)
Sodium BDL (c) BDL (c) BDL (c) BDL (c) BDL (c) BDL (c) BDL (¢)
Thallium BDL (c) BDL (c) BDL (c) BDL (c) BDL (¢) BDL (a) BDL (c)
Vanadium 39.6 34.1 46.7 48.6 47.3 548 102
Zinc 37.6 (b) 54.4 (b) 74 (b) 30.9 (b) 48.1 (b) 42.2 (b) 32.5 (b)
Notes:

(a) Below contract required detection limits.

(b) Estimated result.
(c) Below sample detection limit.




TABLE 5.6

COMPARISON OF BACKGROUND CONCENTRATIONS (mg/kg) OF INORGANICS IN SOIL BORINGS
AT THE MEDLEY FARM SITE WITH COMMONLY OCCURRING RANGES

BACKGROUND SOIL SAMPLES COMMON RANGE OF ELEMENTS
(Soil Boring SB1) iN SOIL - LINDSAY (1979)
SB1-81 $B1-S3 $B1-S5 SELECTED ELEMENT CONC. IN SOILS -
INORGANICS (5-7 1) (15-17 h) (25-27 ft.) RANGE AVERAGE EASTERN U.S. - USGS (1984)
Ag BDL (c) BDL (c) BDL (c) 0.01-5 0.05 .
Al 33,300 19,300 28,700 10,000-300,000 71,000 4.7%
As 176 14.2 21.4 1-50 5 5.2
Ba BDL (a) 54.7 08 100-3,000 430 440
Be BOL (a) BDL (a) 1.3 0.1-40 6 0.63
Ca BOL (a) BOL (a) BDL (a) 7,000-500,000 13,700 0.92%
cd BOL (a) 1.1 13 0.01-0.70 0.06 .
Co BOL (a) BOL (a) 13 1-40 8 6.7
Cr 10 5 BDL (a) 1-1,000 100 37
Cu 16 (b) 9.6 (b) 11.4 (b) 2-100 30 17
Fe 23,400 16,000 23,500 7,000-550,000 38,000 1.8%
Hg BOL (c) BOL (c) BOL (c) 0.01-0.30 0.03 0.058
K 1,560 1,090 4,190 200-5,000 600 1.5%
Mg 1,480 1,870 5610 600-6,000 5,000 0.44%
Mn 94.7 247 1,060 20-3,000 600 330
Na BOL (c) BOL (c) BOL (¢) 750-7,500 6,300 0.59%
Ni BOL (a) BDL (a) BDL (a) 5-500 40 13
Pb 17.7 19.8 18.7 2-200 10 16
Sb 343 23.7 BOL (a) . . 0.48
Se BOL (¢) BOL (c) BDL (c) 0.1-2 0.3 0.26
T BOL (¢) BDL (c) BDL (c) . . .
v 38.1(b) 23.2 (b) 23.4 (b) 20-500 100 58
Zn 236 25.4 65.4 10-300 50 48

a Below Contract Required Detection Limits.

b Estimated Result.
¢ Below Instrument Detection Limit.




TABLE 5.7
MEDLEY FARM SITE RI - ANALYTICAL DATA SUMMARY

VOLATILE ORGANIC COMPOUNDS DETECTED ABOVE QUANTITATION LIMITS
IN GROUND WATER (ugf), PHASE IA, PHASE 1B, AND PHASE Il (See Notes)

Page 1 of 4

SAMPLE LOCATION

BW1

Swi

BW2

Sw3

SAMPLE 1.D.

*‘BW1-3

"BW1-4

SW1-4

BW2-1

Bw2-2

BW2-3

SW3-1

SAMPLE DATE

09-28-90

11-27-90

11-27-90

08-09-89

01-10-90

09-28-90

08-08-89

PHASE

PHASE Il

PHASE Il
{Resample)

PHASE 1
(Resample)

PHASE |A

PHASE 1B

PHASE |l

PHASE 1A

PARAMETER

Acetone

Benzene

Carbon tetrachloride
Chloroform
Chioromethane
Methylene chloride
Tetrachloroethene
Toluene
Trichloroethene
1,1,2,2-Tetrachloroethane
1,1,1-Trichloroethane
1,1,2-Trichioroethane

1,1-Dichloroethene
1,2-Dichloroethene (total)
1,1-Dichioroethane
1,2-Dichloroethane

2-Butanone

2-Hexanone R —

Notes:

19

58J

18

10

110D
35D 18 8 190

4 B8J 38J

720 D 530 D 140 140

310D 270D 110

340 D 130

o]

440 D

290 D 260 D 120

1) No volatile organic compounds were detected above quantitation limits in sampies BW4-1, SW1-1, BW1-1,

D-
E-
B-
J-

L

BW3-1, BW4-2, BW110-3, SW106-1, SW102-3, SW104-3, and SW109-3. Compounds identified as common
laboratory contaminants in EPA guidance were considered to be present in a sample only if the reported
concentration was greater than 10 times the concentration reported in any laboratory blank (see Section
5.10.2 for discussion of data validation) in accordance with EPA guidance.

Sample diluted for this analyte.

Estimated resuit. Analyte concentration exceeded the instrument calibration range.

Analyte detected in the associated blank. Result not corrected.

Estimated result. Analyte detected at less than the sample quantitation limit. Constituents detected at less
than quantitation limits are reported only for analytical results of BW1-4, SW1-4, BW4-4, and SW106-4

for comparison to initial Phase Il results at these locations.

Raw data results for BW1-3, SW1-2, BW4-3 and SW106-3 were inconsistent with concentrations
previously reported. These wells were subsequently resampled (Nov. 26 and 27, 1990) and
samples were submitted to Ecotek Laboratory for analysis. The Ecotek results are indicated

by the 'Resample’ designation.



TABLE 5.7 Page 2 of 4
MEDLEY FARM SITE RI - ANALYTICAL DATA SUMMARY
VOLATILE ORGANIC COMPOUNDS DETECTED ABOVE QUANTITATION LIMITS
IN GROUND WATER (ug/l), PHASE IA, PHASE 1B, AND PHASE Ii (See Notes)
SAMPLE LOCATION SW3 —__ BwW4 SW4a
SAMPLE I.D. SW3.2 SW3.3 *BW4-3 BW4-4 SW4-1 SW4-2 SW4-3
SAMPLE DATE 01-09-90 09-25-90 09-26-90 11-26-90 08-08-89 01-09-90 09-25-90
PHASE PHASE 1B PHASE I PHASE I PHASE I PHASE IA PHASE IB PHASE |
(Resample)
PARAMETER
Acetone
Benzene
Carbon tetrachloride 130
Chloroform 74
Chloromethane 15
Methylene chloride 4 BJ
Tetrachloroethene 200 190
Toluene 9.5
Trichloroethene 130 190 49
1,1,2,2-Tetrachloroethane 19
1,1,1-Trichloroethane 5.6 3400 D 2800 E 2500 D
1,1,2-Trichloroethane i8 8 13
1,1-Dichloroethene 1800 D 2100 E 2200 D
1,2-Dichloroethene (total) 5.4 31
1,1-Dichloroethane 120 38
1,2-Dichloroethane 13
2

-Butanone

2-Hexanone

Notes:

1) No volatile organic compounds were detected above quantitation limits in samples BW4-1, SW1-1, BW1-1,
BW3-1, BW4-2, BW110-3, SW108-1, SW102-3, SW104-3, and SW109-3. Compounds identified as common
laboratory contaminants in EPA guidance were considered to be present in a sample only if the reported
concentration was greater than 10 times the concentration reported in any laboratory blank (see Section
5.10.2 for discussion of data validation) in accordance with EPA guidance.

D- Sample diluted for this anaiyte.
Analyte concentration exceeded the instrument calibration range.
B- Analyte detected In the associated blank.
Analyte detected at less than the sample quantitation limit,

E-
J-

Estimated result.

Estimated result.

Resuit not corrected.

Constituents detected at less

than quantitation limits are reported only for analytical results of BW1-4, SW1-4, BW4-4, and SW106-4
for comparison to initial Phase Il results at these locations.

Raw data resuits for BW1-3, SW1-2, BW4-3 and SW106-3 were inconsistent with concentrations
previously reported. These wells were subsequently resampled (Nov. 26 and 27, 1990) and

samples were submitted to Ecotek Laboratory for analysis.

by the 'Resample’ designation.

The Ecotek results are indicated




TABLE 5.7
MEDLEY FARM SITE Rl - ANALYTICAL DATA SUMMARY

VOLATILE ORGANIC COMPOUNDS DETECTED ABOVE QUANTITATION LIMITS
IN GROUND WATER (ug/), PHASE IA, PHASE IB, AND PHASE Il (See Notes)

Page 3 of 4

SAMPLE LOCATION

SW101

BW105

BW106

SW106

SAMPLE |.D.

SW101-3

BW105-1X

BW105-1Z

BW105-3

BW106-1

*SW106-3

SW106-4

SAMPLE DATE

09-26-90

09-19-90

09-18-90

10-15-90

09-28-90

09-27-90

11-26-90

PHASE

PHASE i

PHASE I

PHASE I

PHASE 11

PHASE |l

PHASE 1l

PHASE I
(Resample)

PABAMETER

Acetone

Benzene

Carbon tetrachloride
Chioroform
Chloromethane
Methylene chioride
Tetrachloroethene
Toluene
Trichloroethene
1,1,2,2-Tetrachloroethane
1,1,1-Trichloroethane
1,1,2-Trichloroethane

,1-Dichloroethene
-Dichloroethene (total)
-Dichloroethane

2
2-Dichloroethane

1
1
1,1
1
2

95

110

80

27

80

39

11

5.2

13

160

91

9.3

170

5 BJ

4 BJ

-Butanone
2-Hexanone 14

Notes:

1) No volatile organic compounds were detected above quantitation limits in samples BW4-1, SW1-1, BW1-1,
BW3-1, BW4.2, BW110-3, SW106-1, SW102-3, SW104-3, and SW109-3, Compounds identified as common
laboratory contaminants in EPA guidance were considered to be present in a sample only if the reported
concentration was greater than 10 times the concentration reported in any laboratory blank (see Section
5.10.2 for discussion of data validation) in accordance with EPA guidance.

D- Sample diluted for this analyte.

E- Estimated result. Analyte conceniration exceeded the instrument calibration range.

B- Analyte detected In the associated blank. Result not corrected.

J - Estimated result. Analyte detected at less than the sample quantitation limit. Constituents detected at less
than quantitation limits are reported only for analytical results of BW1-4, SW1-4, BW4-4, and SW106-4
for comparison to Initial Phase 1l results at these locations.

* Raw data results for BW1-3, SW1-2, BW4-3 and SW106-3 were inconsistent with concentrations
previously reported. These wells were subsequently resampled (Nov. 26 and 27, 1990) and
samples were submitted to Ecotek Laboratory for analysis. The Ecotek results are indicated
by the 'Resample’ designation.




TABLE 5.7 Page 4 of 4
MEDLEY FARM SITE RI - ANALYTICAL DATA SUMMARY
VOLATILE ORGANIC COMPOUNDS DETECTED ABOVE QUANTITATION LIMITS
IN GROUND WATER (ug/l), PHASE IA, PHASE 1B, AND PHASE Il (See Notes)

SAMPLE LOCATION BW108 SW108 BW109
SAMPLE I.D. _ BW108-3 SW108-3 BW109-3
SAMPLE DATE 10-02-90 09-25-90 10-15-90

PABAMETER

Acetone

Benzene

Carbon tetrachloride
Chloroform 6
Chloromethane 26

Methylene chloride
Tetrachloroethene 230 30
Toluene
Trichloroethene 380 45
1,1,2,2-Tetrachloroethane
1,1,1-Trichloroethane 15 13 6
1,1,2-Trichloroethane

1,1-Dichloroethense 80 11
1,2-Dichloroethene (total) 17

1,1-Dichloroethane
1,2-Dichloroethane 12
2-Butanone

2-Hexanone

Notes: _

1) No volatile organic compounds were detected above quantitation limits in samples BW4-1, SW1-1,
BW3-1, BW4-2, BW110-3, SW106-1, SW102-3, SW104-3, and SW109-3. Compounds identified as commo
laboratory contaminants in EPA guidance were considered to be present in a sample only if the reported
concentration was greater than 10 times the concentration reported in any laboratory blank (see Section
5.10.2 for discussion of data validation) in accordance with EPA guidance.

D- Sample diluted for this analyte.

E- Estimated result. Analyte concentration exceeded the instrument calibration range.

B- Analyte detected in the associated blank. Result not corrected.

J - Estimated result. Analyte detected at less than the sample gquantitation limit. Constituents detected at
than quantitation limits are reported only for analytical results of BW1-4, SW1-4, BW4-4, and SW106-4
for comparison to initial Phase Il results at these locations.

* Raw data results for BW1-3, SW1-2, BW4-3 and SW106-3 were inconsistent with concentrations
previously reported. These wells were subsequently resampled (Nov. 26 and 27, 1990) and
samples were submitted to Ecotek Laboratory for analysis. The Ecotek results are indicated
by the 'Resample’ designation.

RN




TABLE 5.8

MEDLEY FARM SITE RI
ANALYTICAL DATA SUMMARY
METALS DETECTED
IN
GROUND WATER (ug/l) - See Notes
SAPROLITE WELLS

EPA Drinking Water Regulations
SAMPLE LOCATION SW1 SW3 SW4 Promulgated Proposed
[SAMPLE 1.D. SWi-01 SW1-02 SW3-01 SWa-01 MCLs (ug/l) MCLs (ug/l)
e
Aluminum, total 189000 12900 11800 41400 * .
Aluminum, dissolved
Antimony, total 492 B80L (c) BOL (c) BOL (c) * 10/5 (g)
Antimony, dissolved
Arsenic, total 65.6 BDL (b) BDL (c) BOL (c¢) 50 (d) .
Arsenic, dissolved
Barium, total 1690 BDL (b) BDL (b) 592 1000 (d) 2000 (h)
Barium, dissolved
Beryllium, total 14.2 BDL (c) BDL (b) 6 * 1 (9)
Beryllium, dissolved
Cadmium, total 7 BOL (c) BDL (c) BOL (c) 5 (i) ’
Cadmium, dissolved
Calcium, total 34100 BDL (b) 8490 18500 * ¢
Calcium, dissolved
Chromium, total 97.8 BOL (b} 12.7 20.8 100 (i) .
Chromium, dissolved
Cobalt. total 183 BDL (b) BDL (b) BDL (b) * .
Cobalt, dissolved
Copper, total 307 B8DL (b) 452 BOL (c) 1000 (e) 1300 (f)
Copper, dissolved
lron, total 266000 17900 14600 24.3 300 (e) *
tron, dissolved
Lead, total 45.8 48 5.3 243 50 (d) (15) (i)
Lead, dissolved
Magnesium, total 143000 9390 (a) 6150 24300 . .
Magnesium, dissolved
Manganese, total 10700 727 794 3210 50 (e) *
Manganese, dissolved
Mercury, total BDL {c) BDL (c) BDL (c) BDL (c) 2 (d) .
Mercury, dissolved
Nickel, total 116 BDL (c) BDL (c) BDL (b) ¢ 100 (g)
Nickel, dissolved
Potassium, total 105000 7690 6180 9100 ¢ *
Potassium, dissolved
Selenium, total BOL (c) BOL (c) BDL (c) BDL (c) 5§50 (i) *
Selenium, dissolved
Silver, total BOL (c) BOL (c) 20.2 B80L (c) 50 (d) .
Silver, dissolived
Sodium, total BDL (b) 9730 9930 12600 . .
Sodium, dissolved
Thallium, total BDL (b) BDL (c) BDL (¢) BDL (c) ¢ 2/1 (g9)
Thallium, dissolved
Vanadium, total 305 BDL (b) BDL (b) 72.3 ¢ .
Vanadium, dissolved
Zinc, tota! 1290 92.5 19 (a) 884 (a) 5000 (e) .
Zinc, dissolved

Notes:

(a) Estimated resuit.

(b) Below contract required detection limit.
{c) Below instrument detection limit.

(d) Primary Maximum Contaminant Level (MCL)

{e) Secondary MCL for public water systems
(f) Federal Register, August 18, 1988

(g) Federal Register, July 25, 1989

(h) Federal Register, January 30, 1991

(i) Federal Register, January 30, 1991 (effective date July 30, 1992)
(i) Supertund cleanup level




TABLE 5.9
MEDLEY FARM SITE RI
ANALYTICAL DATA SUMMARY
METALS DETECTED
IN
GROUND WATER (ug1) - See Notes
BEDROCK WELLS

EPA Drinking Water Regulations
SAMPLE LOCATION BW1 BW2 BW4 Promulgated Proposed
SAMPLE 1.D. BW1-1 BW1-3 BW2-1 BW4-1 MCLs (ug/l) MCLs (ug/)
| PABAMETER
Aluminum, total 1730 395 500 §570 * *
Aluminum, dissolved BOL (b)
Antimony, total BDL (c) BDL (c) BDL (c) BDOL (c) * 10/5 (q)
Antimony, dissolved BDL {c)
Arsenic, total BOL (b) BOL (¢) BOL (c) BOL (c) 50 (d) .
Arsenic, dissolved 12.2
Barium, total BOL (b) BOL (b) BDL (b) BDL (b) 1000 (d) 2000 (h)
Barium, dissolved BOL (b)
Beryllium, total BOL (c) BDL (c) BDL {c) BOL (c) ¢ 1 {(g)
Beryllium, dissolved BOL. (c)
Cadmium, total BDL (¢) BDL (c¢) 10 BDL (c) 5 (1) *
Cadmium, dissoived BDL (c¢)
Calcium, total 9690 6990 7300 32200 * *
Calcium, dissolved 6770
Chromium, total BOL (b) BOL (c) BODL (c) 8DL (b) 100 (i) *
Chromium, dissolved BDL (b) .
Cobalt. total BDL (b) BDL (c) BOL (c) BODL (b) . ‘
Cobalt, dissolved BDL (c)
Copper, total BOL (b) 80L (c) BOL. (c) BOL (c) 1000 (e) 1300 (f)
Copper, dissolved BDL (b)
Iron, total 1900 613 870 3410 : 300 (e) *
Iron, dissolved BDL (b)
Lead, total 5.8 4 BDL (b) BOL (c) 50 (d) (15) ()
Lead, dissolved BOL (b)
Magnesium, total BOL (b) BOL (b) BDL (b) 13400 * *
Magnesium, dissoived BDL (b)
Manganese, total 59.7 BDL (b) 33 183 50 (e) ¢
Manganese, dissolved BOL (b)
Mercury, total BOL (c) BDL (c) BOL (c) BOL (c) 2 (d) ¢
Mercury, dissolved BOL (c¢)
Nickel, total BDL (c) BDL (¢) BDL (b) BDOL (c) * 100 {g)
Nickel, dissolved BOL (c)
Potasslum, total BOL (b) BDL (b) BDL (b) BDL (c) * *
Potassium, dissolved BDL (b)
Selenium, total BOL (c) BOL (¢) BDL (c) BOL (c) 50 (i) *
Selenium, dissolved BDL (c)
Silver, total BOL (b) BDL (c) BDL (c) BDL (c) 50 (d) *
Silver, dissoived BDL (b)
Sodium, total 10700 9000 8400 12900 * *
Sodium, dissolved 9100
Thallium, total 80L (c) BOL (c) BOL (c) BOL (c) * 2/1 {g)
Thallium, dissolved BOL (c)
Vanadium, total BOL (b) BOL (b) BOL (c) BDL (b) ¢ ¢
Vanadium, dissolved BOL (b)
Zinc, total BOL (b) BDL (b) 110 38.7 (a) 5000 (e) *
Zinc, dissolved BDL {b)

Notes: (a) Estimated resuit.
(b) Below contract required detection limit.
(c) Below instrument detection limit.
(d) Primary Maximum Contaminant Level (MCL)
(e) Secondary MCL for public water systems
(f) Federal Register, August 18, 1988
(g) Federal Register, July 25, 1990
(h) Federal Register, January 30, 1991
(i) Federal Register, January 30, 1991 (effective date July 30, 1992)
(j) Superfund cleanup level




APPENDIX B
GROUND-WATER MODELING CALCULATIONS
MEDLEY FARM SITE




B.1 Calculation of Extraction System Flow Rates

Average aquifer thickness: 33 feet (transition zone + saprolite)
Hydraulic conductivity: 2.29 feet/day (saprolite)
Hydraulic gradient: 0.046 to 0.056 (water table)
Width of aquifer across which ground water must be withdrawn:
Option 1: 1150 feet
Option 2: 800 feet
Specific discharge:
Option 1: 1150 x 33 x 2.29 x 0.056 = 4,867 f‘t3/day = 25 gpm
1150 x 33 x 2.29 x 0.046 = 3,997 ftS/day = 21 gpm
Option 2: 800 x 33 x 2.29 x 0.056 = 3,386 ft3/day = 18 gpm
800 x 33 x 2.29 x 0.046 = 2,781 ft5/day = 14 gpm

A model presented in Walton (1987) was used to evaluate possible well pumping rates and
spacings. ‘The microcomputer program simulates radial two-dimensional flow toward a
production well through a slice of an aquifer having a unit width and extending from the well
to an outer boundary. Calculations were made for a water table aquifer system. Based on
these calculations, it is estimated that a pumping rate of 2-3 gpm could be maintained with

a well spacing on the order of 80-100 feet.




AQUIFER HORIZ. HYDR. COMD. (GPD/S5Q FT)= &. 30
AQUIFER VERT. HYDR. COND. (GPD/SQ FT)= 0.0
AQUIFER THICKNESS (FT)= 20,00
ARTESIAN ACQUIFER STORATIVITY (DIMW= 1.0000D-02
WATER TARLE STORATIVITY (DIM)= . 1000
2F ICT. WELL EFFECTIVE RADIUES LFT)= Q0,600
TL JF AQUIFER DEPTH (FT2= G0, 00
BASE OF AQUIFER DEPTH (FT)= 0, 00
INITIAL WATER LEVEL DEPTH (FTa= 60,00
INFINITE AQUIFER SYSTE™
COMPUTATION RESULTS:
PRODUCTION WELL DISCHARGE RATE (GFM)I = 2. 00
TIME-DRAKWDOWN OR WATER LEVEL VALUES (FT)
SELECTED DISTAMCIES (FT2
TIMECMIMND 0. 60 95,03 ZE22. 86 600, 00 1507.132 2785.74
.14 =0, 05 S0, 00 S0, 00 &y, 00 S0, 00 &0, D0
.23 g0, 032 €. 00 e0. 00 E0. 00 &0, OO &0, 00
G. 36 s0. 12 E0, OO0 €0, 00 EH [8]8) S, QD 0, 00
0. 57 &en. 13 0. 00 &0 . 00 &0, OO0 €0, 00 &0, 00
0,91 0. 20 S0, 00 G0, O &0, 00 0. 00 G, 00
1.4344 5,47 &0 .00 S0, O &0, 00 e, 00 S0, OO
P &, 73 E0. 00 &0, 00 =10, 00 ECQ, 00 &0, 00
2.67 ci.11 bn ) 0, O G0, OO0 S0, OO0 SO, D0
5.73 &l.E& E0. 00 £0.00 E0, 00 £0, 3 E50, 00
o, 0 = ¥ § &0, 00 &0, I' &0 . 00 &0. I i, 0
440 (YT | B0, D0 B0, 00 &0, Q0 e, :)U 0. 00
z.8T €4.83 £0. OO £0. 00 €0. 00 £0. 00 B0 00
oE.17 EE,. 59 EO. D0 =0, D0 &0, 00 S0, 00 S0, 00
o7.33 €8.57 S0, N 0. 00 0, 00 €0, O €0, 00
30, 8& 70.7% E0. 00 &0, OO 0. 00 S0, D0 S0, 00
144, OO0 732,05 &0, 00 &0, ()t_ &0, D0 G0, D &0, D0
PR = I 75.494 &0, 01 c0. 00 &0, 00 €O, Do S0, 00
2el1.71 77.33 &0, 02 &0, UC S0, O &0, 00 E0 . 00
S7Z2.27 80, &5 &0 . 05 S0, 00 G0, D i, 00 S0 . 00
08, S& 83,35 E0, 16 50, 00 &0, 00 &0, 00 S0, O

EXCESSIVE DRAWDOWN
TIME AFTER PUMPING STARTEDI(MIN) = 1440,00
DTHTAN:E'”DHquLN 02 WATER LEVEL WVALUEE AT END OF PUMPING PERIOD

MODE RADIUS(FT)  DRAWDOWN OF WATER LEVEL (FT>

rO
= .60 95
= .25 G S E
4 1,51 75,27
= 2.3 .58
& 2,79 .13
7 5. i S5, 07
2 2,51 e, 18
15,07 S5, a7
. =22.89 &2, 28
1i 27.8& £1.59
iz SO, Q0 S, 65
1z 95, 03 0. 16
14 i50.71 0.0




B.2 Contaminant Transport Calculations for Risk Assessment

Potential future concentrations of contaminants detected in ground water at the
Medley Farm Site were calculated using a two-dimensional analytical contaminant
transport model titled "CONMIG" (Walton, 1988). The model assumes one-dimensional
ground-water flow. Contaminant attenuation is allowed through longitudinal and

transverse dispersion and adsorption of contaminants onto the aquifer matrix.
Parameter values used in the model include:

Aquifer actual porosity: .3
Aquifer effective porosity: .2
Aquifer thickness: 33 feet
Longitudinal dispersivity: 30 feet

Transverse dispersivity: 6 feet

Seepage velocity: 0.156, based on a hydraulic gradient in the bedrock of 0.42,
an average hydraulic conductivity in the bedrock of 0.741
feet per day, and a porosity of 20 percent.

Bulk density of aquifer: 1.86 g/cu cm

Organic carbon content: .04 percent, based on Total Organic Carbon values

reported for PZ101 (469 mg/kg), SW101 (447 mg/kg),
SW102 (484 mg/kg), and SW109 (203 mg/kg).
Source volume: 69,000 gallons (slug)
Source concentration: Maximum concentration reported in the RI for each

compound.

The aquifer distribution coefficient (Kd) was calculated for each contaminant based
on the organic carbon distribution coefficient (Koc) for the compound and the organic
carbon content of the aquifer. Koc values and calculated Kd values are presented
in Table B1.




Contaminant concentrations were calculated for a point at the boundary of the Medley
Farm property, at a distance of 1,000 feet hydraulicaily downgradient from the source
area. This is considered to represent the closest point at which a water supply well
could be installed off the Medley Farm Site property yet within the contaminant
migration pathway. Calculations were completed for the time period of 10 to 70 years

from present, with discrete calculations made for 10 year intervals.

Resultant concentrations are presented in Table B2. The representative concentration
used in the Risk Assessment is the arithmetic average of the seven discrete

concentrations calculated at ten-year intervals.




TABLE B.1

CALCULATED Kd VALUES AND MAXIMUM CONCENTRATION
USED IN CONTAMINANT TRANSPORT CALCULATIONS

Compound
1,1,1-trichloroethane

1,1-dichloroethene
trichloroethene
1,2-dichloroethane
tetrachloroethene
1,1-dichloroethane
methylene chloride
1,2-dichloroethene
1,1,2-trichloroethane
chloroform
2-butanone
acetone

benzene

chloromethane

Koc (ml/qg) Kd (ml/g) Maximum Concentration (ug/l)
178 0.071 3400
65 0.026 2200
126 0.050 720
32 0.013 290
363 0.145 230
32 0.013 120
.011 0.000044 110
59 0.024 31
56 0.022 13
44 0.0176 10
4 0.0016 13
22 0.00088 18
83 0.0332 11
35 0.014 26



TABLE B.2

CALCULATED POTENTIAL GROUND WATER CONCENTRATIONS AT PROPERTY BOUNDARY
(concentrations in ug/L)

Time (years)
30-Year
Compound 10 20 30 40 50 60 70 Average

1,1,1-trichloroethane 0.00 18.34 16.74 1.37 0.04 0.00 0.00 11.7
1,1-dichloroethene 022 18.53 2.88 0.00 0.00 0.00 0.00 7.2
trichloroethene 0.00 5.54 211 0.11  0.00 0.00 0.00 2.6
1,1-dichloroethane  0.05 0.89 0.08 0.00 0.00 0.00 0.00 0.34
1,2-dichloroethane  0.10 222 0.22 0.01 0.00 0.00 0.00 0.9
tetrachloroethene 0.00 0.05 1.77 0.94 0.09 0.00 0.00 0.6
1,2-dichloroethene  0.00 0.26 0.04 0.00 0.00 0.00 0.00 0.1
1,1,2-trichloroethane 0.00 0.11 0.01 0.00 0.00 0.00 0.00 0.04

chloroform 0.00 0.085 0.01 0.00 0.00 0.00 0.00 0.03
methylene chloride  0.11 0.70 0.05 0.00 0.00 0.00 0.00 0.3

2-butanone 0.00 0.04 0.05 0.00 0.00 0.00 0.00 0.03
acetone 0.00 0.06 0.06 0.00 0.00 0.00 0.00 0.04
benzene 0.00 0.01 0.06 0.00 0.00 0.00 0.00 0.02

chloromethane 0.00 0.04 0.12 0.00 0.00 0.00 0.00 0.05
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Simulation period number= &

¥
-
-

o

C

ra
PN
o
C
C
<
C

5

«<

imulation period duration in davs=z21900.00
Simulation periocd number= 7

Simulation period duration in days=25350.00
Simulation period number= 8

3imulation periocd duration in davys= 30.00
Simulation periocd number= Y

3imulation period duration in days= 365.00
Simulation periocd number= 10

Simulation periocd duration in days= 90.090

Number of grid cclumns= 15
Number of grid rows= 7
Grid spacing in ft= 100.00

X-coordinate of upper-left €rid node in ft= 160.00
Y-rnordinate of upper-left grid node in {t= 10C.00
Ac ‘er actual porosity as a decimal= 0.300
AqQu.fer ettfective porosity as a decimal= 0.2C0
Sjmulation pericd number=z 1
Aguiter thickness in ft= 33.00
Aguitfer longitudinal dispersivity in {ft= 30.00C
Aguifer transverse dispersivity in ft= 6.00
Seepage velocity in tt/days= C.16
Number of point scourcess=s 1
Simulation period number= 2
Aquifer thickness in ftt= 33.00C
Aguiter longitudinal dispersivity in tt= 30.00
Aquilfer transverse dispersivity in fi= 6.00
Seepage velocity in ft/dav= 0.16
Number of point scurces=s 1
Simulation periocd number= 23
Aguifer thickness in ft= 33.00
Aguifer longitudinal dispersiviivy in ft= 30.00
Agulfer transversze dispersivity in fi= 6. 00
Seepadge velocity in ft/dav= .16
Number of point scurces=s
Simulation period number= 4
Aqgquifer thickness in ft= 32.00
Aguitfer longitudinal dispersivity in 1= 20,01
Aguilier transverse dispersivi in ft= VIIVEY
Seepage velocity in ft/davx .16
N1 1 o1 point sources=z 1
5 ~ation perviod number=s I
Aguifer thickness in 1t= 33.00
Agquifer longitudinal dispersivity in fi= 50,00
Aguifer transverse dispersivity in ft= §&.00C
Seepage velocity in {ft/dayvs= .16
Number of point sourcez= |

iod number= ©

Simulation per
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Guiter londitudinad dispeeirsivity g fiE Gu.Uu

vwgquiter transverse disype 51\11\ in fi= IRV

ieepage velocity in 1L/da}- .16

iumber ot point sources= 1

imulation period number= 7

\guifer thickness in ft= 33.00

iquifer longitudinal dispersivity in ft= 30.00

¥ er transverse dispersivity in ft= 6&.00

jeepage velocity in ft/day= 0.16

sumber of point sources= 1

5imulaticn period number= 8

Aquifer thickness in ft= 33.00

iquifer longitudinal dispersivity in ft= 30.0¢C

Aquifer transverse dispersivity in tt= 6.00

>eepage velocity in ft/day= 0.16

Jumber of point sources= 1

3imulation period number= 9

Aguifer thickness in {ft= 33.00

Aguifer longitudinal dispersivity in ft= 30.00

Aquifer transverse dispersivity in tt= 6.00

Seepage velocity in ft/days 0.16

vumber of point sources= 1

Simulation periocd number= 10

Aquifer thickness in ft= 32.00

\quifer longitudinal dispersivity in ft= 30.00

Aguifer transverse dispersivity in ft= 6.00

Seepage velocity in ft/dav= 0.1¢€

Number ot point sources= 1

S5imulation period number= 1

foint scurce number 1

v-coordinate ot point source in tt= 0.00
Y-coordinate of point source in ft= 400.00

5 point source soclute inject. vol. in gal= €9000.060
51 point source solute concentration in mg/1l= 3400.000
Time after slug contaminant injection in daxg= 3650.00
Simulation period number= 2

Pocint scurce number 1

X-coordinate of point source in ft= 0.0C
Y-coordinate of point source in ft= 400,00

Slug point source sclute inject. wvol. in gal= 69000,00
5lug point source solute concentration in mg/l= 3400.000
Time after slug contaminant injecticon in daxvs= 7300.00
Simulation periocd number= 3

Point socurce number 1

X-coordinate of point source in ft= 0.00
Y-coordinate of point source in ft= 406.00

Slug point source soclute inject. vol. in gal= 639000.04

Slug point source solute concentration in mg/l= 34C0.000
Time after slug contaminant injection in days=10930.00

Simulation pariod number= 4

Foint source number 1

N-coordinate of point source in {i= 0.00
Y-coordinate of point source in tt= 300.00

Slug point source solute 1nmject. vol. in gal=z §900U.

Siueg point source solute concentration in ms/1l= 2400, L“O
Time after siug contaminant injection in davs=14600.00
Simulation period number= 5

Foi=t source number 1

X- rdinate ot point source in ft= .00
Y-cuvordinate of point source in ft= 100U

Slug point source zolute inject. vol., in gals= 69000 00
Silug point socurce solute concentraticn in mg/l= 2400.000
Time after slug contaminant injection in da‘s:182 0.00
Simulation period number= G

'oint scource number 1

N-coordinate of point source in ftt= 3.0



file:///elocity
file:///quifer

-coordinate of point socurce in ft= 300.00

ilug point source soclute inject. vol. in gal= 69000.00
Jug point source solute concentration in meg/l= 34060.000
. 'ime after slug contaminant injection in days=21900.00U
svimulation period number= 7

'cint source number 1

- rdinate of point scurce in ft= C.C0

= rdinate of point socurce in ft= 4006.006

ilug point source solute inject. vol. in gal= 69060.00
;lug point socurce solute concentration in meg/l= 3400.000
"ime after slug contaminant injection in days=25550.00
>imulation periocd number= 8

?cint source hnumber 1

i—coordinate of point source in tt= 0.00
;-coordinate of pocint scurce in ft= 1006.00

3lug point source soclute inject. vol., in gai= 6Y9000.0C
3lug point source solute concentiration in mg/l= 34060.000
[ime atter slug contaminant injection in davs= 3.00
s5imulation period number= 9

Point source number 1

i-coordinate of point source in ft= 0.00
r-coordinate of point scurce in {ft= 400,00

5lug point source solute ingject. vol. in gal= €9000.00
5lug point socurce sclute concentration in mg/l= 3400.600
fime after slug contaminant injection in davss 20.060
Simulation periocd number= 10

Point source number 1

X-coordinate of point source in ft= 0.00
Y-cocrdinate of point socurce in fti=s 400.C0

Slug point source solute inject. vol. in gal= 6900C.00
3lug point source solute concentration in mg/l= 2300.,000
Time aifter slug contaminant injection in davs= 106.00
B density of dry aguifer skeleton in g/cu cm= 1.86¢6

“
Ag. _rfer distribution coefficient in mi/g= .071
Number of monitor wells for which ime-.
concentration tables are desired
Monitor well number= 1
I-cocordinate of monitor well= 10
J-cocordinate of monitor well= 4

1

NODAL COMPUTATION RESULT

[#g!
.

SIMULATION PERIGCD DURAT

ON IN DAYS: 306350.060

et

VALULES OF CONTAMINANT CONCENTRATICN (MG/L) AT NCDES:

J-RCW _ 1-COLUMN
1 2 3 4 5 g
1 .00 G.o0 0.00 0.00 .00 0. 00
2 .01 0.05 0.12 U.16 0.12 G.053
2 1.11 3.491 11.886 15.62 1.21 4,38
4 5.05 22,38 54.10 71.25 51.14 240,00
3 1.11 4,91 11.86 15.62 11.21 4.38
6 ¢.01 0.03 0.12 ¢.16 0g.12 0.U3
7 0.0 .00 0.0 0.00 0.0 0.00¢
J v I -COLUMN
9 16 11 12 13 14
1 .00 0.00 .00 U.00 0.0¢ 0.00
p 0.00 0.00 0.00 .00 0,00 0.00
3 0.01 0. 00 0.0¢ 4,00 .00 0.00
4 0.03 .00 .06 G.00 .00 0.00
o 0.01 0., o0 0.00 .00 0,00 LD

19
1.26

0.93

0.01

0.0¢0
C.00
C.0¢

G

0.00
G, U0
U.11
0.49
0.11
0.00
0.00

16
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JALULES

J-ROW

e

NO.

SIMULATION

VALULS
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ROW
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Cc.00
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PERICD

CONTAMIN
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1¢D
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0.00C

RESULTS:
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.G
.0

.0
.0
.0

0
5
i

Q
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&
1
0

ccccaocoececc

[

fum

CCw e o

PERIOD DURATION

< CONTAMINANT CONCENTRATION

0.00 0.0uU 0,00

<

IN DAYS: 73500.0
(MG/L) AT NODLS:

I-COLUMN

3 4 5 6
.00 ¢.00 .01 V.02
.04 0.17 .47 0.98
43 1.64 4.63 9.61
9L 3.951 8.886 2G.352
13 1.64 4.63 J.61
.04 U.17 0.47 J .8y
.CU 0.00 .01 .02

RESULTS:

DURATIOCN

3

.0
. 0
.0
.0
.0
.0
.0

C
0
0
0
0
0
0

[

P2

C S oLe s

c oo

ccCcceCcc

- COLUMN

.

[

I

[
(&S
—
-

.01 0.00 0.00 0.0
.40 0.13 0.03 0.01
.91 1.51 0.33 0.0¢€
.35 2.80 .70 0.13
.91 1.21 0.323 0.06
.40 C.13 0.02 0.01
.01 0.00 C.u0 .00
IN DAYS:10950.00
ENTRATION (MG/L} AT MNODLS

ANT CONC

[

EEE
(&3]
4N

.00 0.00 0.00 0.01
.00 0.01 .03 0.1

.01 0.03 .1 G.a4
.01 0.0 V.20 0.74
.01 0.03 G.12 0.4

.00 0.01 0.C3 .10
GU .00 C.00 .01

(o

[and

cors

—
[
-
[
-

A 0.25 U.22 .16
W] J.12 2.75 1,48
29 14.30 1e.07 9.0
0o RS 20,84 14,96
L2 1+4.30 HARR S0
ol 3010 2.0 5 1.48
23 0,20 Cozd V.ol
NCOIN DAYSidouo ue

-
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V.00

—

cccoaccecac

~Jd

(&3]

S ~p O C
Laadli M

< O
(8%

o e

.

.00
G0
.01
G2
01
LU0
.00

c o

—

[l ol

<

——

<

o OGO e

L ¢
S

e

[S I

[ S L

<

— O b
C=mua@e=C

cc

.04
.71
B

LB
.71
04

[
(<N

cC

-~
-1

fot

~1CT

I

CCwwmet &C
-1l

C
C



ALULS Ul CORNTAMINARND CONUENTRATION MG/ L AT RO

F-ROW I-COLUMN
1 2 3 4 5 6 7 &
1 0.00 0.00 0.00 0.00 ¢.00C 0.0uU . i
” 0.00 0.00 0.00 .00 0.00 0.00 4
.00 0.00 0.00 0.00 0.00 0.01 Z
.00 .00 0.00 0.00 C.C0 0.01 0

.00 0.00 0.00 0.00 0.00 C.01
.00 C.00 0.00 ¢.00 .00 .00
.00 0.00 0.00 0.00 0.00 0.00

- OO b
cccoeo
ccccccoccoecco
cccoccocacc
C = e = C
cocccaceccae
CC PO C
= od o

I-ROW I-COLUMN
12 13 14

(0o
pt
()
[
1
—
wh
—
o

1 0.0% .03 0.10 0.19 0.32 C.46 0.56
ol 0.12 0.30 0.67 1.50 2,14 3.04 3.7
3 V.36 0.94 2,10 +.04 .69 9.30 11.60
4 0.523 1.37 3.07 5.91 9.7 13.88 16.93
5 0.36 C.94 2,10 4.04 .69 Y.30 11.60C
& 0.12 0. 30 .67 1.30 24014 3.04 S0
7 0.02 0.05 0.10 0.19 0.3 0.4€ 0.56

NODAL COMPUTATION RESULTS:

-
)

SIMULATION FLERIOD DURATION IN DAYVS:18250.00

&

VALULS OF CONTAMINANT CONCENTRATION (MG/L)} AT NODLS:

J-ROW I-COLUMN
' 4 >

s
[
e
-
-1
cC

[y

.00 .00 0.0¢ 0.00 u.00 .00 0.00

<

00 .00 0.00 0.00 0.00 0.00 .00 .00
.00 0.6C 0.00 G.00 0.60 . GO .00

.00 0.00 0.00 0.00 0.00
L GO .00 0.00 0,00 0.
.00 0.0 .00 0.00 0.00
.00 0.00 0.00 0.0¢ 0.09

.00 .C0
LU .00
00 ¢.00

0

U
.00 G.00

0

O

EN I a AN & LN SO U3 o)
<
[
ccaoccaeccecce

C
<

J-ROW 1-CCLUMN
12 13 HE 13 156

[Led
b
(@]
pb
—_

1 0.00 0.0C C.01 0.0 U.06 .1 U.23
2 0.0¢ .Gl 0.04 J.l1l 0.25 C.5¢& 1.06
3 0.01 ¢.03 U.10 .27 .63 1.3¢ 2.6%
4 .01 0.4 0.13 .37 0.88 1.89¢ J.59
5 0.01 0.03 C.10 .27 .65 1.140 2,65
& 0.00 0.01 0.04 .11 C.26 .56 1.06
7 .00 0.00 0.061 ¢.02 ¢.06 U.lz P.d3

NODAL COMPUTATION RESULTS:

SIMULATION FLEHICD DURATION IN BAVS:21900.u0u

V. 15 OF CORTAMINANT CORNCERNTRATION (MG/LY AT NODES:

J-ROW 1-COLUMK




L Uu g.Uu (VIPRVIY] O.Ou G.uuU Lo .ol UL
.00 0.00 0.00 U.C0 0.00 C.0v U.00 o.0u
.00 0.00C .00 0.00 0.00 0.00 .00 0.00
.00 0.CQ 0.00 0.00 0.00 0.00 U.0u 0. 00

SO ds
occc

oW I1~COLUMN
Y 10 11 2 13 14

|
o
s
G

.00 0.00 0.00 0.00 0.00 0.01
.00 0.00 0.00 0.00 0.01 0.04
.00 0.00 0.00 0.01 0.02 V.08
.00 ¢.00 0.00 0.01 0.04 0.10
.00 0.00 0.00 0.01 0.03 0.08
.00 0.00 0.00 0.00 0.01 0.04
.00 0.00C 0.00 0.00 0.60 0.01

c c

Lo Umc K

N B o> B & LI SO SV Nl )

cocCcccocac

coccoccoccocca
[ ol

ccCcte

NODAL COMPUTATION RESULTS:

S5IMULATICN FERIOD DURATION IN DAYS:25550.00

VALUES O CONTAMINANT CONCENTRATICON (MG/L) AT NODES
J-ROW I-COLUMN
1 2 3 4 > 6 7 bt

1 0.0¢ 0.0 0. 00 0.00 0.00 0.00 0.C0 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 0.0¢ 0.00 0.00 0.00 0.00 0.00 0.60 0.00
4 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00
5 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
¢ 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00
0.00 0.00 0.00 .00 .00 0.00 0.00 0.00
J-IICW 1-COLUMN
9 10 11 12 13 14 13 16
1 0.00 0.00 0.00 0.00 0.0 .00 0.00
2 .00 0.00 0.00 0.00 0.00 ¢.00 0.0¢
3 0.00 0.00 0.00 0.0 0.00 0.0 V.01
4 0.0 0.00 0.00 0.00 0.00 0.0¢ 0.01
5 0.00 0.00 0.00 0.00 0.00 0.00 0.01
6 0.00 0.00 0.006 0.00 0.00 0.00 0.00
7 0.00 0.0¢ 0.9 0.00 .00 V.00 0. U0
NODAL COMFUTATION RESULTS:
SIMULATION PERIOD DURATION IN DAYS:  30.00
VALUES OF CONTAMINANT CONCENTRATION (Mu/L} AT NGDES:
J - ROW P -COLUNN
1 g 3 4 5 5 7 8
1 0.00 U.0v 0.00 0.00 0.00 ¢.00 G. 00 0.00
z 0. 00 6.00 0.00 U. 00 6. 00 GLU0 0. 00 0.00
' 0.00 0.00 0.00 0.00 .00 UL U0 .00 0.0¢
0. 66 0.60 0.0V .00 G. 00 0. 00 G0 9.0
5 0.00 0.00 .00 0. 00 .00 .U G .U 0. 0v
6 ¢L00 .00 ¢ 00 ULuo N G0 UNE 0.0
7 .00 C.0U 0.0y 9,00 0.0 VRUY 0. UY G.up
J-ROW I-COLUNN

—
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J-ROW

(S5

-
(o)

~1 O W

J-ROW

—

[ORN W)

,

¢

~1 O

- NODAL CCMFUTATION
 SIMULATICN

VALULS

J-NOW

<
|
=3 ~1 OO e P
(&}
=

re

~ECn h o

SIMULATION

JALUES CF

0.UL
0.00
¢.00
0.00
C.00
0.00
0.00

JODAL COMPUTATION

1

0.00
0.00
0.00
0.00
0.00
0.00
0.00

9

0.00
.00
.00
.00
.00
.00

8]
. v

ccCcocCcoc

PERIOL

0.006
0.00
0.00
0.00
0.00
0.00
0.060

FERICD DURATION

.00
.00
.00
.00
.00
.00

ccocccecaccocco

10

0.00
0.60
0.0V
0.00
0.00
0.00
0.00

3F CONTAMINAN

.00
.00
.00
.00
00
.00
.00

ccCcacocceccecce

0.00
0.00
0.00
(ONVEY
G.00
0.00

0.00

LU0
.00
.00
.00
.00
.00
.00

cccaccae

U.00
0.00
0.00
.00
.00
.00
.00

cccc

RESULTS::

CONTAMINANT CONCENTRATION

[

0.0C
U.00
0.00
0.00
0.00
0.00
0.00

0.00
.00
0.00
0.00
0.00

RESULTS:

DURAT1ION 1

T T Ty RO TR
T CONCEN

e

.00
00
Q0
LU0
0,00
0.00

0.00

T C

<

11

0.00
g.00
0,00
0.00C
0.00

IN DAYS:

0.0U
0.00
0.00
0.00
0.00
0.00
.00

365

(MG/

I-COLUMN
4

0.60
0.00
0.C0
0.00
0.00
0.00
U.60

I-COLUMN
12

0.00
0.0C
0.00
0.0¢C
0.00
0.00

0.00
NODAYS: 90
TRATION (MG/

I-COLUMN

0.0¢C
G .04
0.00
U, 0(
.00
.00
C.00

Oc\.‘u
O.0u

V.0V
.00
.00
.00
.00
. G0
0.00

cccc

C

.00

L} AT N

o)

0.00
0.00
0.00
0.00
0.00
U.00
0.00

13

0.00
0.00
.00
0.60
0.0¢0
0.00
0.00

.00

L}y AT N

0.60
0.0¢

0.00
0.06
G.u0U
C.oUd

C.Cv

.00
0.u0
.00
0.00
0.00
C.00
.00

OV
.00
.00
0.00
0.00
0.00
0.00

ccc

ODLS:

.00
G0
.0C
.00
.00

ccCcccecceccac

.00

14

0.00L
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0.00
0.00
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.00
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IONITOR WELL COMPUTATION RESULTS:
"IME-CONCENTRATION TADLE

107 "OR WELL NUMBER: 1

"TME(DAYS ) CONCENTRATION(MG/L)
3650.000 0.00
S 71300.000 8.34
t09350.,000 16.74
:4600.000 1.3%
18250.00¢0 0.01
21300.000 0.00
256550.000 0.00
30,000 0.00
365.000 0.060

80.000 0.00




JATA DASL: : [} P&

iumber of simulation periods for which contaminant

:oncentration distribution is to be calculated 7 ” . all wn tatons
51 "ation pericd number= 1 w m/ul not Nj/L_-
51. _ation period duration in days= 3650.00

“

3imulation period number= 2
3imulation period duration in days= 7300.00
S5imulation period number= 3

3imulation period duration in days=10950.00
Simulation period number= 4

Simulation period duration in days=14600.00
Simulation period number= 5

5imulation period duration in days=18250.00
Simulation period number= 6

Simulation period duration in days=219060.,00
3imulation period number= 7

Simulation period duration in days=235550.C0
Number ¢t grid columns= 15

“umber of grid rows= 7

3rid spacing in ft= 100.060
X-coordinate of upper-left grid node in ft= 1006.00
Y-coordinate of upper-left grid node in ftt= 100.00

Aquifer actual porosity as a decimal= 0.300
Aguifer effective porocsity as a decimal= 0.200
Simulation period number= 1

Aquitfer thickness in ft= 33.00

Aquitfer longitudinal dispersivity in ft= 30.00

Aquifer transverse dispersivity in ftt= £.00
Sesmage velocity in ft/day= 0.16
N1 ‘T of point scurces= 1

9

Simulation period number= 2
Aquifer thickness in ft= 33.00

Aguifer longitudinal dispersivity in ft= 30.00
Aquitfer transverse dispersivity in ft= 6.00
Seepage velocity in ft/day= 0.16

Number of point sources= 1

Simulation period number= 3

Agquifer thickness in tt= 33.00

‘Aquifer longitudinal dispersivity in ft= 30.00
Aquitfer transverse dispersivity in ft= &.00

' Seepage velocity in ft/day= 0.186

Number of pocint scurces= 1

Simulation period number= 4

"Aquitfer thickness in ft= 33.00

Aquitfer longitudinal dispersivity in ft= 20.00
Aguiter transverse dispersivity in ft= 6.00
Seepage velocity in ft/davs=s G.16

Number of point sources= 1
Simulation period numbers=
Aquiier thickness in ft= 33.
Aguiter longitudinal dispersivw
Aquiter transverse dispersivit
Seepage velocity in ft/days=s
Number of point sources= 1
R lation periocd number= 6

A fer thickness in tt= 33.00

Aquifer lorigitudinal dispersivity in ft= 30.00¢
Aquifer transverse dispersivity in fit= £.00
Seepage velocity in ft/dav= 0.16

Number of point sources= 1

Simulation period number=
Aguifer thickness in tt=

tv in ft= 30.60
in ft= 6.00
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iquifer transverse dispersivity 1
Jeepage velocity in ft/dav= 0.1
.umber of point sources= 1

simulation

periocd number= 1

’o0int source number 1

~cocrdinate of point source in f

i1 point
3lug point
Time after
Simulation

J rdinate otf point source in f{

source solute inject.

‘)

period number=z 2

oint socurce number 1

\-coordinate of point source in
‘-coordinate of point source 1in

5lug point
5lug point
"ime after
Simulation

scurce solute inject.

i
b

t =
t =

fi= 6.0y

0.00
100.00

vol. in gal= 69C00.00
source solute concentration in mg/l= 2200.000
slug contaminant injection in days= 3650.00

t=

4=
t=

VO

0.00¢
40¢.00
1. in gal= 690660 .00

source solute concentration in mg/l= 2200.000
slug contaminant injection in days= 7300.00

periocd number= 3

?0int source number 1

\-coordina

te of point source in f

¢ =

'-coordinate of point source in ft=

3lug point
5lug point
F'ime after
Simulation

source solute inject.

Yo

0.00
400.00
1. in gal= 69000.00

source sclute concentration in meg/l= 2:200.000
slug contaminant injection in days=1095C.00

period number= 4

Point source number 1
X-coordinate of point source in f
-coordinate of point source in f

Slug pocint
Slug point
Time after
S5imelation

source solute inject.

t=
t=
VO

0.00
400.00
L. in gal= 648000C.0C

source solute concentration in mg/l= 2200.000
slug contaminant injection in davs=14500.00

periocd number= 5

Pc scurce number 1

X-coordina

-coordinate of point scurce in t

Siug point
S51ug point
Time after
Simulation

te of point socurce in f

source solute inject.

t=

=

e~
YO

0.00
400.00
l. in gal= 69000.00

source solute concentration in mg/l= 2200.000
siug contaminant injection in days=182306.00

period number= 6

Point source number 1

X-coordinate of point source in {t=
Y-coordinate of point scurce in ft=
source solute inject. vo

Slug point
Slug point
Time after
Simulation

Point source number 1

0.00
400.00
1. in gal= 635000.00

source solute concentration in mg/1l= 2200.0C0
slug contaminant injection in days=219C0.00

period number= 7
1

X-coocrdinate of point scurce in tt= 0.00
Y-coordinate of point scurce in ft= 400,00

Slug point source solute inject. vol. in gal= £20600.00
Slug point source soclute concentration in mz/i= 2200, 000
Time aiftler zlug contaminant injection in davs=:353530.,00
DBulk density of dry aguifer skeleton in g2/cu cm= 1.88
Aguifer distr:butior coefticient in mi/g= .0Z6

Nuniber ol monitor weils for which time-

concentraticn tables are desired= 1

Monitor well number=z 1

I- rdinate of nionitor welil= 10

J - srdinagte of monitor welli= 4
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1 U » VA v VU Vo i [ I R S 2 e 0 N
5 0.00 0.00 0.00 0.00 U.02 G.06 0. 1E .
6 0.00 C.0¢C 0.0¢C 0.00 0.01 0.CZ Q.UT 0.17
T 0.00 0.00 0.00 0.00 0.00 0.00 O.ul 0.03

-ROW I-COLUMN
12 13 14 1

<
[
C
it
[
(S]]
—
[

" 0.08 0.15 0.26 0.40 0.53 G.62 U.64
2 0.39 0.77 1.34 2.05 2.74 .22 3.3

3 1.04 2.07 3.61 5.50 7.36 8.63 8.8

4 1.45 2.88 5.01 7.65 10.23 11.99 12.33
5 1.04 2.07 3.61 5.50 T30 8.63 8.88
b 0.39 0.77 1.34 2.05 2.74 3.22 3.31
3 .08 .15 0.26 ¢.40 0.52 .62 0.64

vODAL COMFUTATION RESULTS:
s IMULATION FERIOD DURATION 1IN DAYS:14600.00
JALULS OFF CONTAMINANT CONCENTRATICN (MG/L) AT NUDLS:

1-ROW 1-COLUMN
1 2 3 4

w
c
-1
cC

0.0v 0.00 0.00 0.00 G.0¢C 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
5 0.00 0.00 0.00 0.00 0.u0 0.0C 0.00 .01
& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 ¢.00 0.00 0.00 0.00 0.00 0.00 0.00 0.60

J-ROW I-COLUMN
9 16 11 12 13 14 15 16

1 0.00 0.01 0.03 V.06 0.12 0.21 .35
P 0.0C1 0.04 0.09 0.20 0.40 .73 1.21
3 0.03 0.08 0.19 .32 0.84 1.53 2.54
4 0.04 .10 0.24 .53 1.0% 1.9¢6 .25
5 0.03 0,08 0.19 V.42 0.84 1.54 2.54
& 0.01 0.043 G.0Y V.20 0.40 C.723 1.21
7 V.00 0.01 C.u9 0.06 u.l2 0.21 0.35

NCDAL COMPUTATION RESULTS:

[#7]
[agal

MULATION PERIOD DURATION 1IN DAYS:18:Z30.00

. VTS T (O popn TNl e el - . EONT,TOINIT O
VALULES OF CONTAMINANT CONCENTRATION {MG/L AT ONGDES:
J-ROW 1-COLUH!
1 . = -
4 .L‘ j 1 1) & i 8
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0.00 0.00 0.00 U.00 G.0u G.L.UuU ULun U. iy

5 .00 C.u0 0.00 0.00 0.00 (AR VEV) UL 0U 0.00

T 0.0L .00 0.00 (SIRVES 0. 00 UL oy 0.00 g, O

J-1OW I-COLUMN
9 1¢ 11 2 13 14 15 14
g PN L Y Y AT U T T LA 2 S 4. S A Y. S -
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JATA DBASLE:

fumber ¢f simulation periocds for which contaminant
:oncentration distribution i1s to be calculated 7
i ation periocd number= 1

simulation period duration in dayvs= 36506.00
imulation periocd number= 2 .

Simulation period duratiocn in dawvs= 7300.00
Simulation period number= 3

5imulation period duration in days=10950.00
Simulation period number= 4

3imulation period duration in davs=14600.
Simulation pericd number= 35

Simulation periocd duration in dawvs=18:230.00
Simulation pericd number= 6

5imulation periocd duration in days=21900.00
simulation period number= 7

Simulation period duration in days=¢555C.00

Number of grid columns= 15

“umber of grid rows= 1

3rid spacing in ft= 100.00

Y-coordinate of upper-lett grid node in = 100.W

P
Y-coordinate of upper-left grid node in ftt= 100.00
iquifer actual porosity as a decimal= 0.30V0

Aquiter effective porosity as a decimal= 0
Simulation period number= 1

Aquifer thickness in tt= 33.00

Aguifer longitudinal dispersivity in ft= 30.00
Aguifer transverse dispersivity in ft= €6.00

Se ge velocity in ft/days=s 0.16

Nu. ¢r of point sources= 1
Simulation period number= 2
Agquifer thickness in tt= 33.0U

)

Aquiter longitudinal di sSpers ivity in ft= 20,00
Aguifer transiverse dispersivity 1n tt= 6.00
Seepage velocity in tt/days= 0.16

Number of poinl socurces= 1
Simulation period numbers
Aquifer thickness in ft= 33.00C

Aguifer longitudinal dispersivit in ft= 20.00
Aguifer transverse dispersivity in ft= E.0U
Seepage velocity in ft/day= 0.16

Number of point scurces= 1

Simulation period number= 4

Aguifer thickness in ft= 33.00

° o

.t

Aguifer longitudinal dispersivity in ft= 30.00
Aguitfer transverse dispersivity in ft= b.bU
Seepage velocity in ft/days= .16

Number of point sources= 1

Simulation period number= 35

Agul 33

Aguiil ft= Ju.Gu
Agul = E.0u
Seey

Nt

S o

Aguif t

:1\'.3!:11 1 i i= doLu
Aguiler transverse dispersivity in {i=  §.4U
Seepage velocity in ti/davs .16

Number of point scurces= 1

Simulation period number= 7

Aguifer thickness in tt= 35,00

TCE

No*:z N concentrzhions

pzﬂ,nd-mzﬁﬂ
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3imulation

D B R R R A L UL ) R SR o A ORI . e
sguifer transverse dispersivity in ftt= 6.0

Jeepage velocity in ft/davs 0.16

iumber of point sources= 1

yimulation periocd number= 1

"cint source number 1

.-ccordinate of point source in ft= 0. 00

V- rdinate ot point source in ft= 400,00V

31 point source solute inject. vol. in gai= ©3000.00
5lug point source soclute concentration in mg/t= T£20.000
"ime after slug contaminant injection in days=z 32650.00

“)

pericd number= 2

"o0int source number 1

Simulation o]

Point

reriocd numbers=
socurce number 1

ML N1a ) TN T TR

ik

LN

PokALY /5L AT

{-coordinate ot point source in tt= U.00
‘-coordinate of point soirce in ti= 400.00

3lug point source solute inject. vol. in gal= (3000.00
5lug point source sclute concentration in mg/1l= T20.0006
[ime atter slug contaminant injection in dayvs= 7300.00
simulation period number= 3

Point source number 1

-coordinate of point source in ft= ¢.0¢C
Y-coordinate ot point source in 1t= 460.060

5lug point source solute inject. voli. in gal= €3060.00
51lug point source solute concentration in meg/i= TEU.006G
fime after slug contaminant injection in days=10950.00
Simulation pericd number= 4

2oint source number 1

X-coordinate of point source in tt= G.0G
Y-coordinate of point source in ft= 400.00

Slug point socurce solute inject. vel. in gal= 649000.00U
51lug point scurce solute concentration in mg/l= 720,001
Time atfter slug contaminant injecticon in days=1i8L0.0C
Sim*lation periocd number= 5

Pc source number 1
X~-cuordinate otf point source in ft= 0.00
Y-coordinate of pocint source in tt= 4u00.0¢C

3lug point socurce solute inject. vol., in gal= 6900 O. 30
Slug point source sclute concentration in mg/i= T20.000
Time after szlug contaminant injection in days=18250.00

X~-coordinate of point scurce in ftt= C.uv
Y~coordinate of point scurce in 1t= 400G.00

5lug point source solute inject. vol. in gal= Hwiuv.0U
S5iug point socurce sclute concentration in m TE0,0060
Time after slug contaminant injection in da: S00.0U
Simulation period number= 7

Point source numher 1

N-coordinate of point socurce in 1t= .00
Y-coordinate of point source in 1t= 1060y

Slug point scurce solute inject. vol., in calz GoGLU,.00
Slug point scurce solute concentyation in mg,si= TELL LU
Time atfter slug contaminani injecticon in days=z=Z50350.0U
Bulk density otf dry aguiter skeleion in ¢/7u cwm= 1.30
Aguifer disiribution coefficient in mi/g= U3

Number of monitor wells for which time-

concentiration tables are desired= |

Monitor well number= 1

1- gdinate of monitor wedll= JU

J- srdinate of monitor wall=s d

NODAL COMPUTATION RESULTS

SIMULATION PERIOD DURATION 1IN DAYS: 3630.00



P-ROW 1-COLUMN 3
1 2 3 4 5 o] 7 8

1 0.00 0.00 0.00 0.00 0.0C U. .00 0.0uU
2 0.01 .02 0.0¢6 0.0¢ ¢.08 0.03 .02 .00

0.23 0,98 2.48 3.806 J.01 1.97% U.67 U.ld
- 0.8 J.44 6.7 1 13.33 12,34 G.91 2,34 .48
5 0.23 0.98 2.48 3.80 3.51 1.97% C.67 U.14
6 0.01 .02 0.06 0.09 0.08 0.65 0.02 0.00
T 0.00 U.00 0.00 0.00 0.00 0.00 G.00 0.00

J-ROW

=
(&%
[oony
W
—
n
—
[ap

1
9 1u 11 1z

—

0.00 U.00 0,00 C.00 0.00 0.00

(e
Sl o
S ]

2 0.00 0.0u 0.00 C.00 C.00 .00 G.0U
3 .02 ¢.00 0.00 0.00 0.00C C.00 ¢.00
4 0.086 0.00 0.06 0.0U 0.60 .00 G.0GU
5 0.02 0.00 0.00 0.00 .00 C.00 0.00
6 0.00 .00 0.00 0.00 0.00C 0.00 U.0U
7 ¢.00 0.00 0.00 0.00 Cc.090 G.0C0 0.04

NODAL COMPUTATION RESULTS:

SIMULATION FLRIOD DURATION 1

il

-t

—

A
Al -

VALUES OF CONTAMINANT CONCENTRATION (MG/Li AT NODLES:

J-ROVW I -COLUMN

0.0¢ U.00C 0.0C ¢.

—_

G0 0.00 0.01 0.02 .02
2 Cc.ovu 0.00 0.01 U.Ud 0.10 U.zd G.oY .oz
3 G.00 G.01 G.0¢ .23 0.6t 1.47 2.36 .45
4 0.00 v.02 .12 C.43 .24 2.76 1079 6.46
R 0.0 U.01 G. 00 0.23 G.6B6 1.47% £.56 3.43
6 0.60 0.00 0.01 U.ud .10 0.22 V.39 .52
0 U.00 .00 0.00 v.00 .60 0.01 0.0 0.02

J-ROW 1-COLUMN
g 10 11 12 13 14 1s i6

1 .02 .02 0.01 0.01 U.0C G.00 G.00
2 ¢.55 .45 0.2% O.11 .05 .02 G.CO0
3 3.62 2.96 1.88 0.93 V.96 U.11 G.0Z
4 6€.79 5.54 3.52 1.74 G.67 YL, 20 .03
5 3.62 2.96 1.88 U.93 0.36 C.11 U.02
6 0.55 0.43 0.29 ¢.14 }.05 .02 U.00
7 .02 0.02 0.01 .Ul U.ou U.Uu U.0u

NODAL COMPUTATION RESULTS

CodMULATION PERIODL DURATION 1IN DAYVU:1U950, 0y

A f JIOCONTAS I NANT CONCENTRATION (\1\1/}_/ AT NOLLES




PRVAY Lo
O 0.
.00 0.
.00 0.

] Qe
[oNeNalle

F-ROW

[
—
C

.0u
.00
.00

6o
6o
00

cocCcc

1 0.03 0.05 0.07%
2 0.2¢ 0.40 0.61
3 .77 1.39 2.13
4 1.17 2.11 2.22
5 0.77 1.39 2.13
6 c.22 0.40 0.61
7 0.03 0.05 0.07

YvODAL COMPUTATION

SIMULATION FPLERICD

JALULES OF CONTAMIN

RESULTS:

LDURATION 1IN

AN
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CCNCENT

00 Y ¢.00
2 .0C G0 0.00
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GO
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cocoaccc

W s oS
cocCcccacac

o
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.

J-TOW

[Ga
ot
C

—
C

.00

o.
2 0.01 0.
3 0.053 o.
4 0.04 0.
3 0.03 0.
& 0.01 .
T 0.00C 0.

SIMULATICN PERICD

n'")‘l:' TN AN T
[Nt kY L
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{ONITOR WLELL COMFUTATION RESULTS:
IME-CONCENTRATION TADLE

fONITOR WELL NUMDBLER: 1
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iguitfer trax SVerse deleDJ~JL in itz uw.G0
eepage velocity in ft/dayv= 0.16

:umber of point scurces= 1
siimulation period number= 1}
"oint source number 1
.~coordinate of point scurce in 't G.00
i - rdinate of pocint source in tt= 460,00

510 . point source solute ingject. vol. in gal= €39000.00
3lug point socurce solute concentration in meg/l= 31.000

fime after slug contaminant injection in dawvs= 3630.00

Simulation pericd number= ¢
Point source number 1

\ coordinate of point scurce in tt= C.04

-coordinate of point source in ft= 400.06C
vlug point source soclute inject. vol. in gal= 8Y9000.00
5lug point scurce solute concentration in mg/l= 31.000
Time atfter slucg contaminant injection in TICE.00
s5imulation period number= 3
foint source number 1
“—coordinate of point scuice in t= 0.0¢C

-coordinate of point source in ft= 400,00
Siug point source soiute inject. vol. in gal= 000,00
5lug point source sclute conceniration in mg/ 1= 21,000
Fime after slug contaminant ingjection in daxs=10930.00
Simulation pericd number= 4
Foint source number |1
X-coordinate of point source in fi= .00
¥Y-coordinate of point scurce in ft= 400.00
Slug point scource sclute inject. vol. in gal= 69000.00
3lug point scource sclute concentration in mg/l= 21.040
Time after slug contaminant injection in davs=14600.00
5i- tation period number= 35
Pc . source number 1
X-coordinate of point socurce in fi= .00

~-coordinate of point socurce in ft= .U

4
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Slug point source soclute concentration in mg/l= 31.G00
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Y-coordinate of point souice in {t= 400.00
Slug puilt source solute inject. vol. in gal= €9000
Slug puint source solute concentratvion in mg/l= 3
Time atftlter sluz contaminant injeclion in days=21800
Simulation period number=s 7
Poinl scurce numbei |
X-coordinate of point source in 1i= 0.006
Y-coordinate of point scurce in 1= 400,00
S;h:_.f, JRISON IS S R U= R SR T AR solittie dnigectl. VO . i Ead= QYOO OU
Slug poinl source solule concentraLish in mE,/ 0= 2
Time afier slug contaminant injection in davs=Zisou., 00
Bulk densitly of dry agaifer sheleton i g€/cu cms Pl
Vguifer distvibution coefficient v mi/g= 0L26

Number of monitor wells o which Uime-
concentration tables are desived=zs ]
Monitor well number= 1
Y- srdinate of monitor wells 10

- Lordinate of monitor well=s 4

SOLAL COMPUTATION RESULTS:

SIMULATION PERIOD DURATION IN DAYIS: J630.400
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IONITON WELL COMPUTATION RISULTOS:
IME-CONCENTRATION TADBLE

fONITOR WELL NUMDLER: 1

‘I.. DAYS) CONCENTRRATION(MG/L)
3650.000 0.00
7300.000 0.26
10950.000 0.04
i4600.000 0.00
18250.000 0.00
23190C0.000 0.00
25550.000 0.0V




‘umber of simulation periods for which contaminant )
raticn distribution is to be calculated 7

Note: 3l comncentretions
7ir 'ation period number= 1 .
i ation period duration in days= 36350.00C w néh”’p+ "%l“'
yvimulation period number= 2
simulation period duration in dayvs= 7300.00
jimulation periocd number= 3
simulation period duration in days=10950.00
j5imulation periocd number= 4
simulation period duration in davs=14600.00C
5imulation periocd number= &
>imulation period duration in days=18230.00
3imulation period number= €

simulation pericd duration in days=21900.00C
3imulation periocd number= 7
simulation periocd duration in dayvs=<Z35530.060
Jumber of grid columns= 135
lumber of grid rows= 7
zrld spacing in ft= 1C6.060

sordinate ot upper-left grid node in tt= 100,000
—cUordlnate ot upper-lett €rid node in {t= 18G.00
ijquifer actual porosity as a decimal= §.3060
jquiter effective porosity as a decimal= C.ZU0

s5imulation period number= 1
%qujfer thickness in fit= 334.U¢

iguitfer lonzitudinal dispersivit:

igquitfer transverse dispersivity in ft= ©.00
seemage veiocity in ft/dayv= .16

L r of point scurces= 1

S5imwlation period number= 2

Aquifer thickness in ft= 32.00

iguifer longitudinal dispersivity in ft= 30.00
Aquifer transverse dispersivity in tt= 6.00
Seepage velocity in ft/daxr= 0.16

Number of point scurces= 1

Simulation period number= 3

Aquifer thickness in ft= 33.00

jguiter longitudinal dispersivity in ft= 30.00
Aquifer transverse dispersivity in ft= 6.00
Seepage velocity in ft/dav= 0.16

Number of point sources= 1

simulation period number= 4

Aguifer thickness in ftt= 32.00

sguiter longitudinal dispersiviiy in ft= 306.00
Agquitfer transverse dispersivity in ft= .00

—
-

Seepage velocity in ft/davs 0.16
Number of point sourcess |

Simuiation pericd numbsr=s 5
Agquiier thickness in ft= 33.0U

Aguiter longitudinal dispersivity in {t= 30,00
Aguifer transverse dispersivity in 1t= LU0
Seepage velocity in fi/dayvs .16

Number of point scurces= |}

Si fation peviod number=s

Ag i thicKkness 1n fit= 33.00

Aquifer longitudinal dispersivity in fi= 30,00
Aguiter transverse dispersivity 1n L= &L Ul
Seepage velocity in ft/days G.16

Number of point socurces= 1

Simulatiocon period number= 7

Agquifer thic: tfi= 53.00

A sy 4 L or Aierorodoita 4 i =



file:///quifer
file:///-elocity

I I I S e L SR - R o
qu1iez transverse dlapEl J\lt\ in t't= ©.UU
.eepage velocity in ft/day= 0.16

‘umber of point sources= 1}

simulation period number= 1

'oint source number 1

-coordinate of point source in ft= 0.00

J- rdinate of point source in ft= 400.00

g point source socliute inject. vol. in gal= 69046C.00
5lug point source sclute concentration in mg/l= 13.000
‘ime after slug contaminant injection in days= 3650.090

[y

simulation period number= 2
“oint source number 1

.-coordinate of point source in ft= 0.0C
-coordinate of point socurce in ft= 460.00
i 69000 .00

3lug point source soclute inject. vol.
slug point source solute concentrati
fTime aiter slug contaminant injection in davs=s 7200, 0
simulation period number= 3

foint source number 1}

i—coordinate of point scurce in ft= 0.0C

-coordinate of point source in ft= 400.060

5lug point socurce soclute inject., vol. in gal= 690006.00
3lug point socurce sclute concentration in mg/l= 13.000C
Time after slug contaminant injection in days=10930.00
5imulation periocd number=z= 4

foint source number 1

{-coordinate of point source in {ft= 0.00
-coordinate ot point source in fi= 400.060
J i

3lug point source soclute inject.
5lug point scurce solute concentra
Time after slug contaminant inject

Si- lation periocd number= 5

Pc scurce number 1
{-coordinate of point source in ft= .50

-coordinate of point socurce in fiL= 300.00
531lug point source solute inject. vol. in gal= 69060.00
Slug point scource solule concentration in mg/i= 12.000
Time aiter slug contamimnant injectilion in davys=18230.00
Simulation period number= 6

Point source number 1

X-coordinate of point scurce in tt= 0.60
Y-coordinate of point source in ft= 400.0(

Slug point socurce soclute inject. vol. in gai= €3000.00
s5lug point source scolute concentraticon in mg/i= 13,000
Time after siug contaminant injection in davs=£1968.00

iod number= i

-coordinate oif point source in {i= 0.0C0
oordinate ot poinl scurce in tt= sG.00
point scurce solute inject. vol. in gal= 69000.00
point scurce solute concentration in mae/li= 13.060
Ler slug contaminant injection in davys=25350.00
sitv of dry aguifer skeieton in &/cu cm= 1,80
distribution coefficient in mijfg= .0z24
i omonitor wells for which time-
ation tables are desireds |}
well number= 1
rdinate of monitor welli= 10
rdinate of monitor well= ¢

NOGDAL COMPUTATION RESULTS:

SIMULATION PERIOD DURATION IN DAYS: 2630.060
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JONITOR WELL COMPUTATION RESULTS:
"IME-CONCENTRATION TABLE

fONTTOR WELL NUMDILR: 1

1 DAYS) CONCENTRATION(MG/L)
3650.000 0.00
7300.000 0.11
10950.000 0.01
14600.000 : .00
18250.000 0.00
21900.000 C.00

255350.000 0.0¢C
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ICNITOR WELL CCOMPUTATION RESULTS:
TIME-CONCIENTRATION TADLE
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MEDLEY FARM SITE RI/FS
GAFFNEY, SOUTH CAROLINA

PREDICTION OF GROUNDWATER RESTORATION TIME FRAME
USING CONTINUOUS FLUSHING MODEL, Option 1

ELAPSED
Mwi(KG) Mwt-1(KG) Cwt(PPM) Q(GPM)  Q(LPD) t(MONTHS)t(MONTHS)

790.0 790.0 8.671 30 163512 0 0
746.8 790.0 8.198 30 163512 1 1
706.0 746.8 7.750 30 163512 1 2
667.5 706.0 7.326 30 163512 1 3
631.0 667.5 6.926 30 163512 1 4
596.5 631.0 6.548 30 163512 1 5
564.0 596.5 6.190 30 163512 1 6
533.1 564.0 5.852 30 163512 1 7
504.0 533.1 5.532 30 163512 1 8
476.5 504.0 5.230 30 163512 1 9
450.5 476.5 4.944 30 163512 1 10
425.9 450.5 4.674 30 163512 1 11
402.6 425.9 4.419 30 163512 1 12
380.6 402.6 4.178 30 163512 1 13
359.8 380.6 3.949 30 163512 1 14
340.1 359.8 3.734 30 163512 1 15
321.6 340.1 3.530 30 163512 1 16
304.0 321.6 3.337 30 163512 1 17
287.4 304.0 3.155 30 163512 1 18
271.7 287.4 2.982 30 163512 1 19
256.9 271.7 2.819 30 163512 1 20
242.8 256.9 2.665 30 163512 1 21
229.6 242.8 2.520 30 163512 1 22
217.0 229.6 2.382 30 163512 1 23
205.2 217.0 2.252 30 163512 1 24
194.0 205.2 2.129 30 163512 1 25
183.4 194.0 2.013 30 163512 1 26
173.3 183.4 1.903 30 163512 1 27
163.9 173.3 1.799 30 163512 1 28
154.9 163.9 1.700 30 163512 1 29
146.5 154.9 1.608 30 163512 1 30
138.5 146.5 1.520 30 163512 1 31
130.9 138.5 1.437 30 163512 1 32
123.7 130.9 1.358 30 163512 1 33
117.0 123.7 1.284 30 163512 1 34
110.6 117.0 1.214 30 163512 1 35
104.6 110.6 1.148 30 163512 1 36
98.8 104.6 1.085 30 163512 1 37
93.4 98.8 1.026 30 163512 1 38
88.3 93.4 0.970 30 163512 1 39
83.5 88.3 0.917 30 163512 1 40
78.9 83.5 0.867 30 163512 1 41
74.6 78.9 0.819 30 163512 1 42
70.6 74.6 0.774 30 163512 1 43
66.7 70.6 0.732 30 163512 1 44
63.1 66.7 0.692 30 163512 1 45
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3.0 3.2 0.033 30 163512

1 99
2.9 3.0 0.032 30 163512 1 100
2.7 2.9 0.030 30 163512 1 101
2.6 2.7 0.028 30 163512 1 102
2.4 2.6 0.027 30 163512 1 103
2.3 2.4 0.025 30 163512 1 104
2.2 2.3 0.024 30 163512 1 105
2.0 2.2 0.022 30 163512 1 106
1.9 2.0 0.021 30 163512 1 107
1.8 1.9 0.020 30 163512 1 108
1.7 1.8 0.019 30 163512 1 109
1.6 1.7 0.018 . 30 163512 1 110
1.5 1.6 0.017 30 163512 1 111
1.5 1.5 0.016 30 163512 1 112
1.4 1.5 0.015 30 163512 1 113
1.3 1.4 0.014 30 163512 1 114
1.2 1.3 0.014 30 163512 1 115
1.2 1.2 0.013 30 163512 1 116
1.1 1.2 0.012 30 163512 1 117
1.0 1.1 0.011 30 163512 1 118
1.0 1.0 0.011 30 163512 1 119
0.9 1.0 0.010 30 163512 1 120

Mwt = MASS OF VOC IN GROUNDWATER @ T, KG

Mwt-1 = MASS OF VOC IN GROUNDWATER AT PREVIOUS TIME PERIOD (Mwt
FROM PREVIOUS DAY

Q = GROUNDWATER PUMPING RATE

Cwt = CONCENTRATION OF VOC's IN GROUNDWATER

T = TIME PERIOD

V = CONTROL VOLUME OF AQUIFE 9.11E+07 LITERS

M1 = MASS OF VOC’s THAT LEACH OUT OF THE GROUNDWATER FROM t to t-1

Mwt = Mwt-1 - Q*Cwt*'T + M1




MEDLEY FARM SITE RI/FS
GAFFNEY, SOUTH CAROLINA

PREDICTION OF GROUNDWATER RESTORATION TIME FRAME
USING CONTINUOUS FLUSHING MODEL, Option 2

ELAPSED
Mwt(KG) Mwt-1(KG) Cwt(PPM) Q(GPM)  Q(LPD) t(MONTHS) t(MONTHS)
475.0 475.0 8.690 15 81756 0 0
453.4 475.0 8.294 15 81756 1 1
432.7 453.4 7.916 15 81756 1 2
413.0 432.7 7.556 15 81756 1 3
394.2 413.0 7.212 15 81756 1 4
376.3 394.2 6.884 15 81756 1 5
359.2 376.3 6.570 15 81756 1 6
342.8 359.2 6.271 15 81756 1 7
327.2 342.8 5.986 15 81756 1 8
312.3 327.2 5.713 15 81756 1 9
298.1 312.3 5.453 15 81756 1 10
284.5 298.1 5.205 15 81756 1 1
271.6 284.5 4.968 15 81756 1 12
259.2 271.6 4.742 15 81756 1 13
247.4 259.2 4.526 15 81756 1 14
236.1 247.4 4.320 15 81756 1 15
225.4 236.1 4.123 15 81756 1 16
215.1 225.4 3.936 15 81756 1 17
205.3 215.1 3.756 15 81756 1 18
196.0 205.3 3.585 15 81756 1 19
187.1 196.0 3.422 15 81756 1 20
178.6 187.1 3.266 15 81756 1 21
170.4 178.6 3.118 15 81756 1 22
162.7 170.4 2.976 15 81756 1 23
155.3 162.7 2.840 15 81756 1 24
148.2 155.3 2.711 15 81756 1 25
141.4 148.2 2.588 15 81756 1 26
135.0 141.4 2.470 15 81756 1 27
128.9 135.0 2.357 15 81756 1 28
123.0 128.9 2.250 15 81756 1 29
117.4 123.0 2.148 15 81756 1 30
112.1 117.4 2.050 15 81756 1 31
107.0 112.1 1.957 15 81756 1 32
102.1 107.0 = 1.867 15 81756 1 33
97.4 102.1 1.782 15 81756 1 34
93.0 97.4 1.701 15 81756 1 35
88.8 93.0 1.624 15 81756 1 36
84.7 88.8 1.550 15 81756 1 a7
80.9 84.7 1.479 15 81756 1 38
77.2 80.9 1.412 15 81756 1 39
73.7 77.2 1.348 15 81756 1 40
70.3 73.7 1.286 15 81756 1 41
67.1 70.3 1.228 15 81756 1 42
64.1 67.1 1.172 15 81756 1 43
61.1 64.1 1.119 15 81756 1 a4
58.4 61.1 1.068 15 81756 1 45



55.7
§3.2
50.7
48.4
46.2
441
421
40.2
38.4
36.6
35.0
33.4
31.8
30.4
29.0
27.7
26.4
25.2
24.1
23.0
21.9
20.9
20.0
19.1
18.2
17.4
16.6
15.8
15.1
14.4
13.8
13.1
12.5
12.0
11.4
10.9
10.4
9.9
9.5
9.1
8.6
8.2
7.9
7.5
7.2
6.8
6.5
6.2
6.0
5.7
54
5.2
4.9

58.4
55.7
563.2
50.7
48.4
46.2

© 441

42.1
40.2
38.4
36.6
35.0
33.4
31.8
30.4
29.0
27.7
26.4
25.2
241
23.0
21.9
20.9
20.0
19.1
18.2
17.4
16.6
15.8
15.1
14.4
13.8
13.1
12.5
12.0
11.4
10.9
10.4
9.9
9.5
8.1
8.6
8.2
7.9
7.5
7.2
6.8
6.5
6.2
6.0
5.7
5.4
5.2

1.019
0.973
0.928
0.886
0.846
0.807
0.771
0.735
0.702
0.670
0.640
0.610
0.583
0.556
0.531
0.507
0.484
0.462
0.441
0.420
0.401
0.383
0.366
0.349
0.333
0.318
0.303
0.290
0.276
0.264
0.252
0.240
0.229
0.219
0.209
0.200
0.190
0.182
0.173
0.166
0.158
0.151
0.144
0.137
0.131
0.125
0.120
0.114
0.109
0.104
0.099
0.095
0.090

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
16
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
81756
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46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98



4.7 4.9 0.086 15 81756 1 929
4.5 4.7 0.082 15 81756 1 100
4.3 4.5 0.079 15 81756 1 101
4.1 4.3 0.075 15 81756 1 102
3.9 4.1 0.072 15 81756 1 103
3.7 3.9 0.068 15 81756 1 104
3.6 3.7 0.065 15 81756 1 105
3.4 3.6 0.062 .15 81756 1 106
3.2 3.4 0.059 15 81756 1 107
3.1 3.2 0.057 15 81756 1 108
3.0 3.1 0.054 15 81756 1 109
2.8 3.0 0.052 15 81756 1 110
2.7 2.8 0.049 15 81756 1 111
2.6 2.7 0.047 15 81756 1 112
2.5 2.6 0.045 15 81756 1 113
2.3 2.5 0.043 15 81756 1 114
2.2 2.3 0.041 15 81756 1 115
2.1 2.2 0.039 15 81756 1 116
2.0 2.1 0.037 15 81756 1 117
1.9 2.0 0.036 15 81756 1 118
1.9 1.9 0.034 15 81756 1 119
1.8 1.9 0.032 16 81756 1 120
1.7 1.8 0.031 15 81756 1 21
1.6 1.7 0.030 15 81756 1 122
1.5 1.6 0.028 15 81756 1 123
1.5 1.5 0.027 15 81756 1 124
1.4 1.5 0.026 15 81756 1 125
1.3 14 0.025 15 81756 1 126
1.3 1.3 0.023 15 81756 1 127
1.2 1.3 0.022 15 81756 1 128
1.2 1.2 0.021 15 81756 1 129
1.1 1.2 0.020 15 81756 1 130
1.1 1.1 0.019 15 81756 1 131
1.0 1.1 0.019 15 81756 1 132
1.0 1.0 0.018 15 81756 1 133
0.9 1.0 0.017 15 81756 1 134
0.9 0.9 0.016 15 81756 1 135
0.8 0.9 0.015 15 81756 1 136
0.8 0.8 0.015 15 81756 1 137
0.8 0.8 0.014 15 81756 1 138
0.7 0.8 0.013 15 81756 1 139

Mwt = MASS OF VOC IN GROUNDWATER @ t, KG

Mwt~1 = MASS OF VOC IN GROUNDWATER AT PREVIOUS TIME PERIOD (Mwt
FROM PREVIOUS DAY)

Q = GROUNDWATER PUMPING RATE (gpm)

Cwt = CONCENTRATION OF VOC's IN GROUNDWATER (ppm)

t = TIME PERIOD

V = CONTROL VOLUME OF AQUIFER= 5.47E407

M1 = MASS OF VOC's THAT LEACH OUT OF THE GROUNDWATER FROM t o t-1

Mwt = Mwt-1 - Q*Cwt*T + M1




APPENDIX C
ALTERNATE FUTURE RESIDENTIAL USE SCENARIO

MEDLEY FARM SITE



1.0 INTRODUCTION

Based upon the low population density and slow rate of growth in the area and
development trends in Cherokee County, any pressure for a change in land use at the
"Medley Farm Site is not expected. It is anticipated that the Site and immediate environs will
remain vacant for the foreseeable future; therefore, the following alternate future residential
use scenario for the Site has been developed in order to estimate potential exposures and
associated risk levels that would result from residential use of ground water from private

wells that may be installed downgradient from the Site and off of the Medley property.

2.0 EXPOSURE ASSESSMENT

2.1 Characterization of Exposure Setting

in the alternate future residential use scenario, the population that potentially may be
exposed to site-related chemicals are the hypothetical future residents living off-site, adjacent

to the Medley property.

2.2 ' |dentification of Exposure Pathways

The potential human exposure pathway for the Medley Farm Site identified in the context
of the alternate future residential use scenario is exposure to site-related chemicals in
ground water. Human exposure to ground water is of concern in this scenario with respect
to its potential use by residents as drinking water. Potential exposure points are private

wells that may be installed at the Medley propenrty line downgradient from the Site.
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2.3 Exposure Point Concentrations

Ground-water exposure point concentrations were derived by means of the CONMIG
(Contaminant Migration) transport model (Walton, 1988). Data obtained from the saprolite
and bedrock aquifer wells provided input to the model. Results are expressed as the 30-
year average concentration of each chemical at the property line downgradient from the
Site. Modeling assumptions and calculations used to estimate the future ground-water
concentrations at the property line are presented in Appendix B. Ground-water exposure

~point concentrations for the chemicals of concern are shown in Table C.1.

2.4 Development of Chemical Intakes

Chemical-specific intakes were calculated for the ground water exposure pathway. The
equation used to determine this exposure and the assumptions employed in the equation
are presented below, along with a sample calculation for the pathway. A complete listing
of the intakes calculated for the chemicals of concern is presented according to pathway
in Table C.2.

Ground Water Ingestion

Exposure due to the drinking water pathway is calculated by:

Intake: = CwxIRxEFxED
(mg/kg-day) BW x AT
Where:
Cw = Chemical concentration in water (mg/liter)
IR = Ingestion rate (liters/day)
EF =  Exposure frequency (days/year)
ED = Exposure duration (years)
BW = Body weight (kg)
AT = Averaging time (days)




Variable values:

Cw = Representative groundwater concentrations

IR = 2liters/day (U.S. EPA, 1990)

EF = 365 days/year (U.S. EPA, 1989)

ED = 30 years (US. EPA, 1990)

BW = 70 kg (U.S. EPA, 1989)

AT = 25550 days for carcinogenic effects (70 years x 365

days/year); 10,950 days for noncarcinogenic effects (30 years ED x 365
days/year) (U.S. EPA, 1989).

A sample calculation for intake through ingestion of ground water is presented below for

methylene chloride (for carcinogenic effects):

Intake from= (3.0E-4 mg/l) (2l/day) (365 days/year) (30 years)
drinking water (70 kg) (25,550 days)
ingestion

=  3.7E-6 mg/kg/day

3.0 RISK CHARACTERIZATION

Potential human heaith risks due to reasonable maximum exposure have been estimated
for each chemical of concern. Carcinogenic and non-carcinogenic effects were calculated
separately. Non-carcinogenic effects of carcinogenic compounds were included in the
calculation of the non-carcinogenic hazard index when appropriate reference doses were

available.

3.1 Carcinogenic Risks

Chemical-specific risks for the compounds are presented in Table C.3 for the ground water
pathway. The total carcinogenic risk for the pathway was calculated by summing the
carcinogenic risks posed by each of the carcinogens (Total Pathway Risk, Table C.3). This

method of adding risks, recommended by EPA in its Guidelines for the Health Risk
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Assessment of Chemical Mixtures (U.S. EPA, 1986), may be overly conservative in that the

slope factors, as an upper 95th percentile estimate of potency, are not strictly additive.

The reasonable maximum carcinogenic risk for ingestion of ground water is estimated to

be 5.5 x 10 for the alternate future residential use scenario.

3.2 Non-carcinogenic Effects

The risk characterization for non-carcinogenic effects is summarized in Table C.4. To
assess the overall potential for non-carcinogenic effects posed by exposure to multiple
chemicals, a hazard index equal to the sum of the hazard quotiénts was calculated (in
accordance with U.S. EPA, 1986) for the pathway. As with the hazard quotient, if the
hazard index exceeds unity there may be concern for potential adverse health effects. The
hazard index for ground water ingestion under the alternate future residential use scenario
is 2.9 x 102,

3.3 Discussion of Uncertainty

The estimates of human health risks developed in this risk assessment required a
considerable number of assumptions about exposure and subsequent adverse human
healith effects. Most of the site-specific uncertainties are included in the exposure
assessment (Section 2.0). Exposure point concentrations for site-related chemicals in
ground water were estimated from measured chemical concentration in monitoring wells by
means of a ground-water transport model. Key model assumptions are listed in Appendix
B. The possibility that a drinking water well would be constructed at the property line,
where exposure point concentrations were estimated, is unlikely considering the availability
of public water in the Medley Farm area.
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Uncertainty associated with the toxicity values is summarized in Tables 3.9 and 3.10 of the
FS Report. Only one chemical of potential concern in ground water, benzene, is a Class
A (known) carcinogen. Benzene was found at low concentrations and was responsible for
a minor portion (7.1 x 10°%) of the risk due to ground-water ingestion. The chemical that
contributed most to the estimate of cancer risk through the ground-water ingestion pathway
was 1,1-dichloroethene. This chemical, however, with a weight-of-evidence classification of
C, has not shown evidence of carcinogenicity in humans and only limited evidence in
animals.

3.4 Summary of Human Health Risk

Estimated carcinogenic risk due to exposure to site-related chemicals in ground water via
ingestion is 5.5 x 10°. This is a potential future risk based on the scenario of the ground-
water plume reaching the property boundary and a residential drinking water well being
installed there. There are presently no exposure points (wells) on the Site or downgradient
at the property line. There are no existing receptors near the Medley property downgradient
from the Site and public water supply is presently available in the area. The estimated risk
level is within the EPA remediation goal of 104 to 106.

No significant risk due to non-carcinogenic effects of site-related chemicals has been
identified under the alternate future residential land use conditions. Total non-carcinogenic
hazard is estimated to be 2.9 x 102, which is below unity, the EPA hazard quotient level

that would indicate a potential for adverse effect.
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TABLE C.1

EXPOSURE CONCENTRATIONS - GROUND WATER

MEDLEY FARM SITE

Concentration

Chemical (uqfliter) -
1,1-Dichloroethene 7.2
1,1-Dichloroethane 0.34
1,1,1-Trichloroethane 11.7
1,1,2-Trichloroethane 0.04
1,2-Dichloroethane 0.9
1,2-Dichloroethene (total) 0.1
Acetone 0.04 |
Benzene 0.02
2-Butanone 0.03
Chloroform 0.03
Chloromethane 0.05
Methylene Chloride 0.3
Tetrachloroethene 0.6
Trichloroethene 2.6

Concentrations are projected 30-year average concentrations at the property line.




TABLE C.1

EXPOSURE POINT CONCENTRATIONS - GROUND WATER
MEDLEY FARM SITE

Concentration

Chemical (zq/liter)

1,1-Dichloroethene 1490.60
1,1-Dichloroethane 37.16
1,1,1-Trichloroethane 1636.35
1,1,2-Trichloroethane 5.96
1,2-Dichloroethane 113.66
1,2-Dichloroethene (total) 10.85
Acetone 8.36
Benzene 4.68
2-Butanone 5.79
Chloromethane 7.55
Methylene Chloride 32.68
Tetrachloroethene 107.60
Trichloroethene 327.77

Concentrations are the 95 percent upper confidence limit on the arithmetic average of
measured concentrations in ground water wells SW3, SW4, SW109, BW2, BW105, and
BW109.




TABLE C.2
ESTIMATED EXPOSURES BY PATHWAY
MEDLEY FARM SITE

B ble Maxi Daily Dose (ma/kg/day,

From Groundwater Ingestion

For For

Carcinogenic Noncarcinogenic
Chemical Effects Effects
1.1 Dichloroethene 8.8E-05 2.1E-04
1,1 Dichlorosthane 9.7E-06
1,1,1 Trichiorosethane ' 3.3E-04
1,1,2 Trichloroethane 4.9E-07 1.1E-06
1.1,2,2-Tetrachloroethane '
1,2-Dichloroethane 1.1E-05
1,2-Dichloroethene (total) 2.9E-06
1,2-Dichloropropane
Acetone 1.1E-06
Benzene 2.4E-07
2-Butanone 8.6E-07
Chioroform 3.7e-07 8.6E-07
Chloromethane 6.1E-07
Ethylbenzene :
Methylene Chioride 3.7E-06 8.6E-06
Styrene
Tetrachloroethene 7.3E-06 1.7E-05
Trichloroethene 3.2E-05
Viny! Chloride
1,2,4-Trichlorobenzene
Butyibenzylphthalate

Di-n-butylphthalate
Di-n-octylphthalate
bis(2-Ethylhexyl)phthalate
Toxaphene

PCB




RISK CHARACTERIZATION: CARCINOGENIC EFFECTS

TABLEC.3

MEDLEY FARM SITE
Siope Chemical-
CDI Factor specific

Chemical (mg/kg/day) (mg/kg/day)-1 Risk
E Pathway: | ion of G LW
1,1-Dichloroethene 8.8E-5 6.0E-1 5.3E-5
1,1,2-Trichioroethane 4.9E-7 5.7E-2 2.8E-8
1,2-Dichloroethane 1.1E-5 9.1E-2 1.0E-6
Benzene 24E-7 2.9E-2 7.1E-9
Chioroform 3.7E-7 6.1E-3 2.2E-9
Chloromethane 6.1E-7 1.3E-2 8.0E-9
Methylene Chloride 3.7E-6 7.5E-3 2.8E-8
Tetrachloroethene 7.3E-6 5.1E-2 3.7E-7
Trichloroethene 3.2E-5 1.1E-2 3.5E-7

Total Pathway Risk 5.5E-5




RISK CHARACTERIZATION: NONCARCINOGENIC EFFECTS
MEDLEY FARM SITE

TABLE C.4

CDl R{D Hazard

Chemical (mg/kg/day) (mg/kg/day) Quotient
Exposure Pathway: Ingestion of Ground Water
1,1-Dichloroethene 2.1E-4 9E-3 23E-2
1,1-Dichloroethane 9.7E-6 1E-1 9.7E-5
1.1,1-Trichloroethane 3.3E4 9E-2 3.7E-3
1,1,2-Trichloroethane 1.1E-6 4E-3 2.9E-4
1,2-Dichloroethene (total) 2.9E-6 2E-2 1.4E-4
Acetone 1.1E-6 1E-1 1.1E-5
2-Butanone 8.6E-7 5E-2 1.7E-5
Chioroform 8.6E-7 1E-2 8.6E-5
Methylene Chloride 8.6E-6 6E-2 1.4E-4
Tetrachloroethene 1.7E-5 1E-2 1.7E-3

Pathway Hazard Index 2.9E-2




APPENDIX D
TOXICITY PROFILES FOR RISK ASSESSMENT CHEMICALS




1,1-DICHLOROETHENE (CAS #75-35-4)

1,1-dichloroethene (1,1-DCE), also known as 1,1-dichloroethylene or vinylidene chloride, is
a colorless, volatile liquid with a sweet odor. 1,1-DCE enters the atmosphere from its
production in the manufacture of plastics. It is also released in wastewater during plastics

manufacturing and metal finishing.

Fate

1,1-DCE’s high vapor pressure and water solubility and low organic carbon partition
coefficient indicate environmental mobility. When spilled on land, 1,1-DCE will be partially
lost by evaporation and partially by leaching into the groundwater. Siow hydrolysis and
biodegradation should occur in the groundwater. The aquatic fate of 1,1-DCE is loss by
evaporation to the atmosphere with a half-life of 1-6 days. Little absorption into aquatic
sediments should occur. In the atmosphere, 1,1-DCE is photochemically reactive. It will
degrade by reaction with hydroxyl radicals with a half-life of 11 hours in relatively clean air
or less than 2 hours in polluted air (NLM 1989).

Human Health Effects

1,1-DCE is absorbed by ingestion, inhalation and dermal routes. In studies on rats, 1,1-
DCE administered in drinking water caused hepatic lesions (LOAEL 9 mg/kg/day) (U.S. EPA
1990). This chemical is fetotoxic, but not teratogenic to rodents after exposure in drinking
water or by inhalation. " Based on studies of inhalation exposure in mice, 1,1-DCE is
considered a possible human carcinogen. 1,1-DCE is mutagenic. Oral exposure has been
shown to result in adrenal tumors in rats and inhalation exposure has produced kidney
tumors in mice (U.S. EPA 1990).
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Environmental Effects

Static bioassays resulted in 96-hour LCggs of 169,000 ug/i for fathead minnows and 74,000
ug/l 24 hr for bluegills (NLM 1989). No experimental information is available on the
bioconcentration of 1,1-DCE in aquatic invertebrates or fish. Significant bioconcentration

is not expected because of the low octanol/water coefficient (log Kq,, =_1.48) (NLM 1989).




1,1-DICHLOROETHANE (CAS #75-34-3)

1,1-Dichloroethane, also called ethylidene dichloride, is a colorless, oily liquid with an
aromatic ethereal odor and a saccharine taste. It is released into the environment as
fugitive air emissions and in wastewater resulting from its production and use as a chemical
intermediate. 1I,1-Dichloroethane is mobile in the environment, with a moderate water
solubility (5500 mg/l), high vapor pressure (230 mm Hg at 25°C) and low organic carbon

partition coefficient (43). It has a log octanol water partition coefficient of 1.9.
Fate

1,1-Dichloroethane which is released to the soil will be lost rapidly through evaporation.
There is a possibility for leaching intd the ground water due to its low soil adsorptivity. 1,1-
Dichloroethane released to surface water will also be lost primarily through volatilization, with
half-lives of 6-9 days for ponds, 5-8 days for lakes, and 24-32 hours for rivers. Adsorption
to sediment, biodegradation and hydrolysis should be insignificant. When released into the
atmosphere, 1,1-dichloroethane degrades by reaction with photochemically produced
hydroxyl radicals, with a half-life of 62 days. 1,1-Dichloroethane will dispose considerably
in the atmosphere and will be washed out by rain due to its moderate solubility in water
(NLM 1989).

Human Heatth Effects

1,1-Dichloroethane can be absorbed into the human body by inhalation, ingestion and skin
or eye contact. It produces central nervous system depression, respiratory tract irritation
and skin burns. The impact of 1,1-dichloroethane on human organs has not yet been
defined, with one study showing the chemical to cause liver and kidney damage, and other
studies showing relatively low capacity to cause liver or kidney injury even on repeated

exposure. 1,1-Dichloroethane is about one-half as toxic as 1,2 dichloroethane. It is an



experimental teratogen and tumorigen, but has not been shown to be mutagenic. 1,1-
Dichloroethane has been classified by EPA as a possible human carcinogen based on
limited evidence in animals (U.S. EPA 1990).

Environmental Effects

The estimated concentration factor for 1,1-dichioroethane is 1.3, indicating insignificant
bioconcentration in fish. All of the chloroethanes have a whole body elimination half-life in
exposed bluegills of less than two days (NLM 1989).



1,1,1-TRICHLOROETHANE (CAS #71-55-6)

1,1,1-Trichloroethane (TCA) is a colorless, non-flammable, sweet smelling liquid commonly
used for degreasing and metal cleaning. 1,1,1-Trichloroethane, also known as methyl
chloroform, enters the environment through air emissions or in wastewater resulting from
its production or use. It is found in many products used in the home such as cleaners,

glues, paints and aerosol sprays (NLM 1989)
Fate

Due to its high vapor pressure (100 mm Hg at 20°C) 1,1,1-trichloroethane will evaporate
fairly rapidly into the atmosphere. The half-life for aquatic fate will range from hours to a
few weeks depending on wind and mixing conditions. 1,1,1-Trichloroethane is fairly stable
in the atmosphere and is transported long distances. It degrades slowly by reaction with
hydroxyl radicals with a half-life ranging from 6 months to 75 years. Atmospheric
degradation is increased by the presence of chlorine radicals and nitrogen oxides. The
amount of 1,1;1-trichloroethane in the atmosphere is increasing by 12-17% annually. Some
TCA is returned to the earth through rainfall. The adsorption of 1,1,1-trichloroethane to soil
is proportional to the organic carbon content of the soil. Since it is frequently found in
ground water in high concentrations, one can conclude that it is not strongly adsorbed to
soils (NLM 1989).

Human Health Effects

1,1,1-Trichloroethane is a central nervous system and respiratory depressant and an irritant
to the skin and mucous membranes. Mild liver and kidney dysfunction may occur
transiently following recovery from central nervous system depression (NLM 1990) 1,1,1-
Trichloroethane is absorbed rapidly through the lungs and gastrointestinal tract, but

cutaneous absorption is probably too slow to produce significant toxicity unless the
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chemical is trapped against the skin by an impermeable barrier (NLM 1989). it may cause
transient increases in liver enzymes and translet renal impairment. There are no confirmed
human or animal data that have lead to the classification of 1,1,1-trichloroethane as a
carcinogen (USEPA 1990).

Environmental Effects

For a 96 hour bioassay, fathead minnows had an LCgq of 52.8 mg/l for a flow-through test
and 105 mg/l for a static test. The 7-day LCgq reported for the guppy was 133 ppm. The

bioconcentration factor in bluegill sunfish in a 28 day test was 8.9, indicating little tendency
to bioconcentrate in fish (NLM 1990).




1,1,2-TRICHLOROETHANE (CAS #79-00-5)

1,1,2-Trichloroethane is a colorless, tasteless liquid with a sweet odor. It has a vapor
pressure of 760 mm Hg at 113.9°C. It readily corrodes aluminum and its alloys and is
relatively water-soluble. 1,1,2-Trichloroethane is used in the manufacture of the vinylidene

chloride and as a solvent. It is an indirect food additive for use as an adhesive compound.
Fate

When released to the land, 1,1,2-trichloroethane will partially volatilize and partiélly leach
into the ground water. Biodegradation is not likely to occur. The aquatic fate of 1,1,2-
trichloroethane is loss by volatilization with a half-life of days to weeks. Little will be
adsorbed by sediment or biodegraded. In the atmosphere, 1,1,2-trichloroethane will
degrade by reacting with hydroxyl radicals with a half-life of 24 days. Polluted atmospheres
lessen the half-life. Some may wash out in the rain (NLM 1990).

Human Health Effects

1,1,2-Trichloroethane is rapidly absorbed from the lungs and gastrointestinal tract. 1t is
excreted primarily by the lungs, with some via the kidneys. In laboratory studies with mice,
1,1,2-trichloroethane has been shown to alter levels of clinical serum chemistries. It has
been classified as a possible human carcinogen by EPA, based on a laboratory study of
mice (U.S. EPA 1990). |

Environmental Effects

1,1,2-Trichloroethane is not expected to bioconcentrate in fish. The log of the
bioconcentration factor is less than 1. The octanol/water partition coefficient (log Kg,) is
2.17 (NLM 1990).
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1,1,2,2-TETRACHLOROETHANE (CAS #79-34-5)

1,1,2,2-Tetrachloroethane is a heavy, colorless to pale yeliow liquid with a sweetish,
suffocating, chloroform-like odor. It is considered corrosive and may attack plastics, rubber,
and coatings. 1,1,2,2-Tetrachloroethane is soluble in acetone and has a vapor pressure of
9 mm Hg at 30°C.

Fate

When released to the soil, 1,1,2,2-Tetrachloroethane will volatilize due to its moderate vapor
pressure. A small amount may be adsorbed to the soil and leach into the ground water.
There is evidence of slow biodegradation. The aquatic fate of 1,1,2,2-tetrachloroethane is
loss by evaporation to the atmosphere with a half-life of days to weeks. Biodegradation
may occur where the water is rich in microorganisms, but the product (1,1,2-trichloroethane)
is resistant to further degradation. 1,1,2,2-Tetrachloroethane is practically inert in the
troposphere with a half-life of more than 800 days. Some may return to earth in the form

of rain. it will diffuse slowly into the stratosphere where it will photodissociate (NLM 1990).

Human Health Effects

1,1,2,2-Tetrachloroethane is readily absorbed through the skin, the lung, and the
gastrointestinal tract. It is readily excreted by the lungs. EPA has classified it as a possible
human carcinogen based on increased incidence of hepatocellular carcinomas in mice (U.S.
EPA 1990). |
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Environmental Effects

Ninety-six hour LCgq values (static bioassay) were 12,300 ug/l for Mysid shrimp and
Sheepshead minnow and 21,300 ug/l for bluegill. The octanol/water partition coefficient (log
Kow) for 1,1,2,2-tetrachloroethane is 2.39. The log bioconcentration factor (BCF) in fish is
0.9 to 1. The whole-body BCF for bluegill is 8, for a 14 day exposure (NLM 1990).
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1,2-DICHLOROETHANE (CAS #107-06-2)

1,2-Dichloroethane is a clear, colorless, flammable oily liquid with a pleasant odor and a
sweet taste. 1,2-Dichloroethane, also known as ethylene dichloride or EDC, is used widely
in the manufacture of ethylene glycol, PVC, nylon, and other plastics. it has a vapor

pressure of 100 mm Hg at 29.4°C.

Fate

Releases of 1,2-dichloroethane will evaporate fairly rapidly due to its high vapor pressure.
1,2-Dichloroethane has a low coefficient for adsorption, indicating a tendency for mobility
into the ground water. It will leach rapidly through sandy soils. Releases to surface water
will be lost primarily through evaporation. A modeling study using the Exams model for a
eutrophic lake gave a half-life of 10 days. A shorter half-life would be expected for rivers
and streams due to mixing and turbulence. Chemical and biological degradation are
expected to be slow. 1,2-Dichioroethane which is released to the atmosphere will degrade
by reaction with hydroxyl radicals formed photochemically in the atmosphere. The half-life
for losses through photooxidation is a littie over a month. The photooxidation of 1,2-
dichloroethane in water is expected to be slow. The products of photooxidation are CO,
and HCL.  1,2-Dichloroethane is expected to be transported long distances in the

atmosphere and washed out in rain (NLM 1989).

Human Health Effects

The main routes of entry are through inhalation of the vapor or skin absorption of the vapor
or liquid. Inhalation of high concentrations may cause nausea, vomiting, mental confusion,
dizziness, and pulmonary edema. Chronic exposure has been associated with liver and
kidney damage. Direct skin contact causes smarting of the skin and first-degree burns on

short exposure. Long-term skin exposure may cause secondary burns. Repeated skin
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contact can cause defatting of the skin, severe irritation, fissured dermatitis and moderate

edema (NLM 1989). Death is usually ascribed to circulatory and respiratory failure.

1,2-Dichloroethane is classified as a probable human carcinogen (U.S. EPA, 1990). The
single oral dose LD50 determined for male and female CD-1 mice were 483 and 413 mg/kg,
respectively. Skin adsorption LD50 values of 4.9 g/kg and 2.8 g/kg have been determined
with rabbits (NLM 1989).

Environmental Effects

Due to its low octanol/water partition coefficient, 1,2-dichloroethane is not expected to
bioconcentrate in fish. The measured log bioconcentration factor in bluegill sunfish is 0.30.
1,2-Dichloroethane has been reported to be non-toxic to many economically important plant
species. The 24-hour LC50 for Daphnia magna was reported to be 250 mg/l. Static 24-
hour and 96-hour LC50 concentrations of >600 mg/l and 430 mg/l (NLM 1989).
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1,2-DICHLOROETHENE (CAS #540-59-0)

1,2-Dichloroethene is a colorless, flammable liquid with a slightly acrid, chloroform-like odor.
1,2-Dichloroethene is most often used in the production of solvents and in chemical
mixtures. It is often a by-product in the manufacture of chlorinated compounds. It can be

present in two isomers, trans and cis.

Fate

1,2-Dichloroethane released to the soil will evaporate readily, or leach into the soil, where
it will biodegrade very slowly. When released to the water, it will be lost mainly through
volatilization, with a half-life of 3 hours in a model river. Biodegradation and adsorption of
1,2-dichloroethene to sediment should not be significant. In ‘the atmosphere, 1,2-
dichloroethene will degrade by reaction with photochemically produced hydroxyl radicals,

with half-lives of 8 and 3.6 days for the cis and trans isomers, respectively (NLM 1989).

Human Health Effects

Exposure to 1,2-dichloroethene vapors can cause nausea, vomiting, weakness, tremor,
epigastric cramps and central nervous system depression. Exposure to the eye may results
in reversible corneal clouding. 1,2-Dichloroethene is considered toxic by inhalation, skin
contact or ingestion. The chemical is largely excreted through the lungs (NLM 1989). 1t
has not been evaluated by EPA for human carcinogenicity (U.S. EPA, 1990).

Environmental Effects

The recommended octanol/water partition coefficients for cis- and trans-1,2-dichloroethene
are 1.86 and 2.06, respectively. One can estimate a bioconcentration factor of between 15
and 22, indicating that 1,2-dichloroethene will not bioconcentrate significantly in aquatic
organisms (NLM 1989).




1,2-DICHLOROPROPANE (CAS #78-87-5)

1,2-dichloropropane, also known as propylene dichloride and propylene chloride, is a
colorless liquid with an unpleasant, chloroform-like odor. 1,2-dichlorpropane is used as a
soil fumigant, and in cleaning, degreasing, and spot removal operations including paint
and varnish removal. #t is also used during extraction processes of fats, oils, lactic acid
and petroleum waxes, and in the manufacture of tetrachloroethylene and propylene oxide.

1,2-dichloropropane is found as an additive in antiknock fiuids (NLM 1990).

Fate

1,2-dichloropropane is released into soil when used as a fumigant, and into air as fugitive
emissions and in wastewater during its production and use as a chemical intermediate,
scouring, spotting and metal degreasing agent. It is very volatile and if released in air, will
degrade by reaction with photochemically produced hydroxy! radicals and will be washed
out by rain. If released into water, 1,2- dichloropropane will be lost by volatilization with
half-lives ranging from approximately 5-8 hours in a river and 10 days in a lake. If released
on soil, 1,2-dichlorpropane will rapidly volatilize and readily leach into the ground especially

in sandy soils. Some may leach into groundwater where its fate is unknown (NLM 1990).

Human Health Effects

The main routes of entry for 1,2-dichloropropane are through inhalation of the vapors,
ingestion, eye and skin contact, and contaminated drinking water. It may cause dermatitis
by defatting the skin and more severe irritation may occur of it is confined against the skin

by clothing. Undiluted, 1,2-dichloropropane is moderately irritating to the eyes, but does

‘not cause permanent injury. Animal experiments have shown that acute exposure produced

central nervous system narcosis, and fatty degeneration of the liver and kidneys (NIOSH,
1977).
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Environmental Effects

An LCg value of 139,300 ug/l/96 hr was found for fathead minnows (Pimephales promelas)
exposed to 1,2-dichloropropane in water while guppies (Poecilia reticulata) had values of
116 ppm/7 days. The cladoceran, Daphnia magna, has been reported to have a L.Cgq of
52,500 ug/l/96 hr (NLM 1990).




ACETONE (CAS # 67-64-1)

Acetone is a colorless volatile liquid with a sweetish or mint-like odor. Acetone is
manufactured in large quantities for use as a chemical intermediate or solvent. |t is
released to the environment through fugitive or stack air emissions and in waste waters
resulting from its manufacture or use. Acetone is produced by natural sources including
volcanoes and forest fires, and through photooxidation of some alkanes and alkenes found

in urban air. It is also a metabolic product released by plants and animals. (NLM 1989).
Fate

Acetone is miscible in water and has a high vapor pressure (400 mm Hg at 39.5°C). These
factors contribute to acetone’s high environmental mobility. Acetone released to soil will
volatilize or leach into the ground, where evidence suggests it biodegrades fairly rapidly.
if released into water, acetone will probably biodegrade or be lost through volatilization
(estimated half-lift of 20 hours in a model river). Bioconcentration in aquatic organisms and
adsorption to sediments should not be significant. Acetone released to the atmosphere will
be lost by photolysis and reaction with photochemically produced hydroxyl radicals (average
estimated half-life of 22 days). Acetone released to the atmosphere will also be washed out
by rain. (NLM 1989)

Human Health Effects

Routes of entry for human exposure to acetone are inhalation of the vapor, ingestion, and
dermal adsorption. The general population is exposed to acetone in the atmosphere from
such sources as automobile exhaust, solvents and tobacco and fireplace smoke, as well
as from dermal contact with consumer products containing acetone as a solvent. Acetone
displays comparatively low acute and chronic toxicities. Local effects are irritation of

mucous membranes (above 300 ppm; Verschueren 1983) and, after repeated exposure,




dermatitis. In high concentrations, central nervous system depression is produced. After
1 hour exposure in humans, 800 ppm produce symptoms of illness and 4000 ppm cause
severe toxic effects (Verschueren 1983). Exposure of animals to elevated levels of acetone
has resulted in kidney damage. (NLM, 1990)

Environmental Effects

The recommended log octanol/water partition coefficient for acetone is -0.21, resulting in
a negligible potential for bioconcentration in fish. One experimental study on adult haddock
resulted in a bioconcentration factor of 0.69 at 7-9°C (NLM 1990). Acute toxicity of acetone

to fingering trout was reported at 6100 mg/l (Verschueren 1983). Reported 96-hour LCgqs
include 8120 mg/l for fathead minnows (NLM 1989) and 8,300 mg/l for bluegills, with a 14-
day LCgq of 7032 for the guppy (Verschueren 1983).




BENZENE (CAS #71-43-2)

Benzene is a clear, volatile, colorless, liquid aromatic hydrocarbon. It is an intermediate in

the syntheis of phenols, synthetic rubber and styrene and is also a constituent of gasoline.

Fate

The low organic carbon partition coefficient, high water solubility and volatile nature of
benzene are indicators of environmental mobility. In soil, much of the chemical near the
surface will volatilize to the atmosphere, and benzene will evaporate fairly rapidly from water.
Benzene has a half-life of 6 days in air and 1-6 days in surface water (US EPA 1986).
Limited data on biodegradability in soil indicate a half-life of about 100 days, an important

factor being the acclimation of soil microorganisms (NLM 1989).

Human Health Effects

Benzene is readily absorbed via oral and inhalation routes, and through the skin and human
placenta. Toxic effects have been attributed to combined exposure by both respiration and
skin absorption. The flux of benzene through epidermis measured in vitro (i.e., passive
diffusion through the stratum corneum, which is taken to be the rate-limiting step in
absorption from skin penetration) from air saturated with benzene at 31°C averages 1.0
ul/em?2/hr (Blank and McAuliffe 1985). Benzene is a known hematotoxin and carcinogen
in humans. A causal relationship has been established between exposure to benzene by
inhalation and myelogenous leukemia in humans. The limit of exposure that will result in
hematologic effects in humans is not well defined but is thought to be <100 ppm. There
is also evidence that benzene acts as a toxicant in male reproduction and it has been

shown to be a teratogen in animal models (Doull et al. 1980). In acute animal inhalation
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studies, adult rats and mice were more resistant to the effects of benzene than young
animals (Manyashin, et al. 1968). These effects are dependent on the respiration rate and

retention of benzene.
Benzene is classified as a known human carcinogen. Studies in animals have shown that
carcinogenic action is potentiated when benzene is used as a solvent or carrier (Van

Duuren et al. 1963).

Environmental Effects

Acute toxicity values for the freshwater invertebrates Daphnia magna and Daphnia pulex
were determined as 380,000 and 300,000 ug/l (US EPA 1980; Canton and Adema 1978).
96-hr LC50 values for fish ranged from 5,300 ug/l for rainbow trout to 100,000 ug/l for
bluegill (De Graeve et al. 1980; US EPA 1980; Johnson and Finley 1980). Maximum
acceptable toxicant concentrations that will not result in chronic toxicity have been reported
to be greater than 98,000 ug/l for Daphnia and 5,342 ug/l for trout (McCarty et al. 1985;

U.S. EPA 1980). Bioconcentration factors for fish and shellfish are reported to range from
3.5 to 5.2 and are reported as 29.5 for algae (Barnthouse and Suter 1986; McCarty et al.
1985; US EPA 1980).




2-BUTANONE (CAS #78-93-3)

2-Butanone, commonly known as methyl ethyl ketone or MEK, is a colorless liquid with an
acetone-like odor. It is a vapor pressure of 70.6 mm Hg at 2°C. It has a low- solubility in
water, which increases at higher temperatures. MEK is a common solvent, a product of
combustion and a natural component of some foods. MEK is found in automobile exhaust,
however air monitoring in urban and surburban area settings has failed to detect MEK

except during photochemical smog episodes.

Fate

Methyl ethyl ketone which is spilled to the land will partially evaporate from and partially
leach into the ground. When released into water, it will evaporate with a half-life of 3 days
in rivers and 12 days in lakes. MEK will biodegrade slowly in fresh and saline waters.
Adsorption onto sediments will be insignificant, and biodegradation in ground water is
uncertain, but most likely slow. MEK released to the atmosphere will degrade principally
by reaction with photochemically produced hydroxyl radicals, with a half-life of 2-3 days.
Photochemical smog conditions may slightly increase the rate of atmosphere degradation
(NLM 1989).

Human Health Effects

MEK is absorbed by humans through the lungs, gastrointestinal system, and skin. Workers
exposed to 300-600 ppm have experienced nausea, numbness of the fingers and arms, and
facial dermatoses. Under more common workplace exposures, MEK is an eye, nose and
throat irritant and will cause skin irritation after prolonged contact. Although MEK may be
absorbed through the skin, animal experiments indicate that toxicity is low through this
route. The rat oral LDgq is reported at 3.4 mg/kg (NLM 1989) while the lowest reported

effect concentration for humans by inhalation is 100 ppm over 5 minutes (Sax 1984).
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Exposure of animals to high concentrations of MEK has resulted in central nervous system
depression, emphysema of the lungs and congestion of the liver kidneys. Reproductive
effects were observed in rats exposed to 3000 ppm MEK via inhalation (NLM 1989).

Environmental Effects

Median threshold limits (24-96 hours) of 5600 mg/l for mosquitofish and 5640-1690 mg/| for
bluegills have been reported for MEK (Verschueren, 1983). It has a very low octanol water
partition coefficient (log Kow 0.29) which indicates that bioconcentration will not be a

significant transport process.
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CHLOROFORM (CAS #67-66-3)

Chloroform is a clear, colorless and mobile liquid with a characteristic odor and a sweet
taste. It is slightly soluble in water (5 mifl) and has a high vapor pressure (100 mg Hg at
10.4°C). Chloroform is nonflammable, but will burn on prolonged exposure to flame or high
temperature. Most of the chloroform manufactured in the United States (93%) is used to
make fluorocarbon-22, a refrigerant (ATSDR 1989b). Chloroform is also used as a grain
fumigant; a chemical intermediate for dyes and pesticides; and a solvent for pesticides,
adhesives, oils and other compounds. It was previously used as a surgical anesthetic and
as an ingredient in cough syrups, toothpastes and liniments, but the FDA has banned the

use of chloroform in drugs, cosmetics and food packaging (NLM 1989).

Fate

Chioroform which is released to the atmosphere may be transported long distances before
being degraded by reaction with photochemically generated hydroxyl radicals. The half-
life for this reaction is approximately 3 months. Removal of chloroform from the atmosphere
in precipitation may be significant; however, most of this chloroform will reenter the
atmosphere through volatilization. Volatilization is the primary fate process for chloroform
released to water, with a half-life of 1-31 days. Chloroform released to the soil will either
volatilize rapidly or leach readily through the soil and enter the ground water. Chloroform
will adsorb strongly to peat moss, less strongly to clay and limestone, and not at all to
sand. Chloroform is predicted to persist in the ground water for relatively long periods of
time (ATSDR 1989b).

Human Health Effects

Chloroform is absorbed readily through the lungs and intestines. The three principal target

organs of chloroform toxicity are the liver, kidneys, and central nervous system. Short-
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term exposure to high concentrations of chloroform in the air can cause fatigue, dizziness
and headache. Other symptoms of chloroform exposure include respiratory depression,
coma, kidney and liver damage, and death. Rapid death is attributable to cardiac arrest,
while delayed death results form kidney or liver damage (ATSDR 1989). Chloroform is
classified as a probable human carcinogen. It is considered highly fetotoxic, but not
teratogenic (U.S. EPA 1990).

Environmental Effects

The bioconcentration factor of chloroform in four different fish species was found to be
less than 10 times the concehtration in ambient water, suggesting little tendency for
chioroform to bioconcentrate in aquatic organisms. A 27 day flow-through test showed an
LCgq in rainbow trout of 2030 ug/l in soft water and 1240 ug/l in hard water. Static 96 hr
tests showed LCgqas of 43,800 ug/l for rainbow trout and 100,000 ug/l for bluegills (NLM
1989).

D-22




CHLOROMETHANE (CAS # 74-87-3)

Chloromethane is a clear, colorless gas with a faintly sweet, nonirritating odor. It is used
mainly in the production of other chemicals such as silicones, agricultural chemicals, and
butyl rubber. Chloromethane is a naturally occurring chemical that is made in large
amounts in the ocean, and is produced by some plants and when such materials as grass,

wood, charcoal, and coal burn.
Fate

The dominant transport mechanism for chloromethane released to soil is volatilization
(based on its Henry Law constant, water solubility, and vapor pressure). It is not expected
to sorb to soils. The presence of chioromethane in ground water confirms the importance
of leaching as a transport route. (ATSDR, 1983d).

Volatilization is also the most important removal mechanism from surface water, with a
calculated half-life of 2.4 hours for a model river. Biodegradation is not a significant aquatic
degradation process; chloromethane has an estimated half-life of 19 days in natural water.
(USEPA 1989)

Chloromethane released to the air will be subjected to transport and diffusion into the
stratosphere. The relatively uniform concentration of chioromethane in the northern and
southern hemispheres indicates widespread distribution and the importance of transport
processes in its distribution. (ATSDR 1989d)

Human Health Effects

Chloromethane is absorbed readily from the lungs. It also can enter the body through the

gastrointestinal system and the skin. Inhalation of chioromethane is known to produce
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harmful liver, kidney and central nervous system effects. Acute, intermediate, or chronic
inhalation exposure of mice to 1000-1500 ppm generally resulted in liver necrosis and
degeneration. An NOAEL level of 225 ppm has been reported for hepatic and renal effects
in mice exposed chronically to chloromethane. Reproductive and developmental effects
have been observed in male rats exposed to 1000 ppm in air. Oral exposure data are not
available. (ATSDR, 1989d)

Environmental Effects

Based on its low octanol water partition coefficient (0.091), chioromethane is not expected
to concentrate in aquatic organisms. Static bioassays resulted in a 96-hour LC50 of 550

ug/! for Lepomis macrochirus and 270 ug/! for Menidia beryllina.
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ETHYLBENZENE (CAS #100-41-4)

Ethylbenzene is a colorless flammable liquid with a pungent odor. 1t is used in the
manufacture of cellulose acetate, styrene and synthetic rubber. 1t is also used as a solvent
or diluent and as a component of automotive and aviation gasoline. the primary source
of exposure is from the air especially in areas of high traffic.

Fate

Ethylbenzene will decrease in concentration by evaporation and biodegradation.

Representative half-lives are several days to 2 weeks. It is only adsorbed moderately by

soil and may leach into the groundwater.

When released onto soil, Ethylbenzene will biodegrade slowly. Evaporation from water will
occur rapidly into the atmosphere with a half-life ranging from several hours to a few weeks.
After the population of degrading micro-organisms becomes established, biodegradation will
occur rapidly. The half-life for this process is 2 days. Ethylbenzene will be removed from
the atmosphere principally by reaction with photochemically produced hydroxyl radical.
Additional quantities will be removed by rain. Some Ethylbenzene will be adsorbed by the
sediment (NLM 1989).

Human Health Effects

Ethylbenzene liquid and vapor are irritating to the eyes, nose, throat and skin. The liquid
is a low grade cutaneous irritant, and repeated contact may produce a dry, scaly and
fissured dermatitis. Acute exposure to high concentrations may produce irritation of the
mucous membranes of the uppér respiratory tract, nose and mouth, followed by symptoms
of narcosis, cramps, paralysis and death due to respiratory failure. Eﬁeds of short-term
exposure will lead to decreased manual dexterity and prolonged reaction time. Long term

overexposure may damage the liver and central nervous system.
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Animals exposed through dermal and/or ingestive routes may suffer central nervous system
depression. Guinea pigs exposed to concentrations of 1% experienced ataxia, loss of
consciousness, tremors throughout the extremities and finally death through respiratory
failure. Rats given chronic oral doses of 408-680 mg/kg/day for 182 days suffered from
liver and kidney abnormalities. Laboratory animals exposed to airborne concentrations
ranging. from 5000 to 10,000 ppm had intense congestion and edema of the lung (NLM
1989). Based on its octanol/water partition coefficient, ethylbenzene should not significantly
bioconcentrate in aquatic organisms.

Environmental Effects

LC50s of 12.1 and 32 mg/l have been reported for fathead minnows and biuegills,
respectively (NLM 1989). A bioconcentration factor of 37.5 has been reported for fish (U.S.
EPA 1986).
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METHYLENE CHLORIDE (CAS #75-09-2)

Methylene chloride, also known as dichloromethane, is a colorless liquid with a sweet,
chloroform-like odor. It is used as a paint remover, degreaser, and low temperature
extractant of substances which are adversely affected by high temperature. Due to its high

vapor pressure (400 mg Hg at 24.1°C), methylene chloride is expected to volatilize readily.
Fate

Methylene chioride which is spilled onto the land will primarily evaporate due to its high
vapor pressure. Some methylene chloride is assumed to leach through the soil into the
ground water, although data on adsorptivity are lacking. Methylene chloride released to
surface water will be lost by evaporation taking several hours depending on wind and
mixing conditions. Biodegradation is possible in surface waters, but will probably be slow
compared to evaporation. Hydrolysis is not an important degradation process with a
minimum half-life of 18 months. Degradation in ground water is unknown. Methylene
chloride released to the atmosphere will degrade by reaction with hydroxyl radicals, with a
half-life of several months. A small fraction of the chemical will diffuse to the stratosphere
where it will degrade rapidly by photolysis and reaction with chlorine radicals. Methylene

chloride is partially returned to earth in precipitation (NLM 19889).

Human Health Effects

Methylene chioride is a mild narcotic. Effects of intoxication include headaches, irritability,
numbness and tingling in the limbs. The liquid and vapors are irritating to the eyes and’
upper respiratory tract at higher concentrations. The primary route of human exposure is
through inhalation. Once inside the body, methylene chloride is absorbed through the
body membranes and rapidly enters the bloodstream (ATSDR 1989c). If the liquid is held

in contact with the skin, severe burns may develop. In severe cases of overexposure,




observers have noted toxic encephalopathy with hallucinations, pulmonary edema, coma
and death. Cardiac arrhythmias have been produced in animals, but have not been
common in human experiences. Methylene chloride is classified as a probable human
carcinogen (NLM 1990).

Environmental Effects

The 96-hour LCgq for the fathead minnow was 193 mg/l in a flow-through test and 310
mg/l in a static test. The LCgq for the bluegill was 230 mg/l and 220 mg/l for 24- and 96-
hour tests, respectively (conditions unspecified). The LCgq for the guppy in a 14-day test
was 294 ppm and 224 mg/l for Daphnia magna in a 48-hour test. Although experimental
data are lacking, methylene chloride is not expected to bioconcentrate due to its low
octanol/water partition coefficient, log K,,, equals 1.25 (NLM 1989).
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STYRENE (CAS #100-42-5)

Styrene is a colorless to yellowish oily liquid with a characteristic sweet, balsamic, almost
floral odor. Exposure to high levels of styrene may occur through contact with unsaturated
polyester resin products used in fiberglass boat construction and repair and as autobody
fillers and casting plastics, where concentrations may range from 30 to 50%. Styrene is
commonly a component of floor waxes and polishes, paints, metal cleaners, and varnishes
(NLM 1990a).

Fate

Styrene released into the environment will partition into the atmosphere because of its high
vapor pressure, low density and low water solubility. Nevertheless, it does not absorb solar
radiation at wavelengths above the solar cutoff, therefore, it will not be directly photolyzed
in the lower atmosphere or surface water. Styrene, however, is involved with indirect
photochemical reactions and has been found to be one of the most active generators of
photochemical smog. Styrene reacts quickly with hydroxyl radicals and with ozone, with
reaction half-lives of 3.5 and 9 hours, respectively. The volatilization half-life of styrene from

water is also fairly rapid--about 3 hours (NLM 1990).
Styrene released to soils is subject to biodegradation. Soil mobility may be low to moderate
and is dependent on soil conditions. Styrene can leach through soil into underlying ground

water, and has been found to persist in soil up to two years (NLM 1990).

Human Health Effects

Exposure to styrene by the general population may be through ingestion of food which
has been packaged in polystyrene, by ingestion of contaminated finished drinking water,

by inhalation of air contaminated by industrial sources, auto exhaust, or incineration
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emissions and by inhalation of smoke from cigarettes. Styrene is absorbed into the
bloodstream through all routes, including ingestion, inhalation, and percutaneous absorption.
Exposure to styrene vapor among workers may cause central nervous system depression
and irritation of the eyes, skin and upper respiratory tract. Elevated incidence of
hematopoietic and lymphatic cancer has been repoded for workers in the styrene-
butadience rubber industry (NLM 1990). Laboratory studies with dogs reported red blood
cell and liver effects (U.S. EPA 1990).

Environmental Effects

Styrene does not bioaccumulate or bioconcentrate in organisms and food chains to any
measurable extent due to its relatively high water solubility. In goldfish, a bioconcentration
factor (BCF) of 13.5 has been calculated. LCgq values for fathead minnows (Pimephales
promelas) in both hard and soft water and from 24 to 96 hour periods ranged from 46.4
to 62.8 mg/l. Brine shrimp (Atemia salina) were found to have LCgg values of 68 mg/l/24

hr and 52 mg/i/48 hr. Guppies (Leibistes reticulatus), bluegill (Lepomis macrochirus) and

goldfish (Carassius auratus) at water hardness of 20 mg/l calcium carbopnate and at 96
hours of exposure had LCgq values of 74.8, 25.1, 64.7 mg/l, respectively (NLM 1990).
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TETRACHLOROETHENE (CAS #127-18-4)

Tetrachloroethene, also known as perchloroethylene (PCE), is a colorless, tasteless liquid
with a mildly sweet odor. PCE has a vapor pressure of 18.47 mm Hg at 25°C. It enters
the atmosphere as fugitive air emissions from dry cleaning and metal degreasing industries
(NLM 1989).

Fate

When spilled on the land, PCE will evaporate into the atmosphere. It has a low to medium
mobility in soil, but it may leach through sandy soils into the ground water. PCE is not
expected to hydrolyze. It may biodegrade in the soil under anaerobic conditions. tt can
also be transformed by reductive dehalogenation under anaerobic conditions to

trichloroethylene, dichloroethylene, and vinyl chloride.

The aquatic fate of PCE is loss by evaporation to the atmosphere. The half-life may vary
from less than one day to several weeks. No significant hydrolization, biodegradation,
bioconcentration in aquatic organisms, or absorption to sediment should occur. |t

decomposes slowly in water to yield trichloroacetic acid and hydrochloric acid.
In the atmosphere, PCE exists mainly in the gas phase. It is subject to photooxidation with
a half-life anywhere from one hour to two months. Some PCE may wash out in the rain.

The primary degration product is phosgene (NLM 1989).

Human Health Effects

Tetrachloroethylene is absorbed by inhalation of contaminated air and ingestion of
contaminated drinking water. Inhalation is the principal route by which PCE enters the

body, followed by the oral route. Dermal absorption is minimal by comparison. It is
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considered a probable human carcinogen currently under study (USEPA 1990). Once in
the bloodstream, PCE tends to concentrate in human body fat and the brain. It may cause
liver irregularities, respiratory tract irritation, conjunctivitis, dermatitis or inflammation of the

skin, and depress the central nervous system (NLM 1989).

Environmental Effects

Available data for PCE indicate that acute and chronic thicity to freshwater aquatic life can
occur at concentrations around 5,280 and 840 ug/l, respectively (U.S. EPA 1985). The
bioconcentration factor (BCF) of tetrachloroethylene in fathead minnows is 38.9 and in
bluegill sunfish is 49 (NLM 1989).
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TRICHLOROETHENE (CAS #79-01-6)

Trichloroethene (TCE), also known as trichloroethylene or acetylene trichloride, is a clear,
colorless liquid with a sweet odor. Tho odor is detectable at a level of 50 ppm. TCE is
soluble in chloroform, acetone, alcohol, and ether. lts solubility in water is 1.110 mg/L at
25°C. The vapor pressure is 19.9 mm Hg at 0°C. TCE is used for vapor degreasing of
metals. It is also used as a chemical intermediate in the production of pesticides, waxes,
gums, resins, tars, and paints. It is not known to occur as a natural product. TCE enters
the atmosphere as air emissions from metal degreasing plants and as wastewater from
metal finishing, paint and ink formulation, electrical/electronic components, and rubber

processing industries (NLM 1989).

Fate

When released to the land, TCE evaporates readily due to its high vapor pressure. It may
also leach through the soil and into the ground water, where it may remain for a long time.
There is some evidence of degradation in the soil to form other chlorinated alkenes. The
aquatic fate of TCE is loss by evaporation with a half-life ranging from minutes to hours,
depending upon the turbulence of the water. Biodegradation, hydrolysis, and
photooxidation will occur at a much slower rate. In the atmosphere, TCE will react fairly
rapidly, especially under smog conditions. An atmospheric residence time of 5 days has
been reported with the formation of phosgene, dichloroacety! chloride, and formyl chloride
(NLM 1989).

Human Health Effects

Exposure to trichlorethylene vapor may cause irritation of the eyes, nose and throat.
Repeated or prolonged skin contact with the liquid may cause dermatitis. Acute exposure

to TCE depresses the central nervous system exhibiting such symptoms as headaches,
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dizziness, vertigo, tremors, nausea, blurred vision and irregular heart beat. If splashed in
the eyes, the liquid may cause burning irritation and severe damage. Prolonged
occupational exposures to TCE have been associated with impairment of peripheral nervous
system function. Alcohol may make symptoms of overexposure worse. The LDgq for
humans is 50 to 500 mg/kg (NLM 1989).

TCE is recognized as a probable human carcinogen. The aggregate risk of cancer due to
exposure to TCE is 4.1 cases per year for persons living within 50 km of emission sources

(51 Federal Register 7714).

Environmental Effects

Ninety-six hour LCgq data range from 2,000 ug/ to 66,800 ug/l for grass shrimp and fathead
minnows, respectively. Marine monitoring data suggest moderate bioconcentration (2 to
25 times). The bioconcentration factor (BCF) for bluegill sunfish and rainbow trout ranges
between 17 and 39. The octanol/water partition coefficient (log K,,) is 2.29 (NLM 1989).
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VINYL CHLORIDE (CAS #75-01-4)

Vinyl chloride is a flammable gas at room temperature and is usually encountered as a
cooled liquid. The colorless liquid forms a vapor which has a pleasant ethereal odor. It

is used primarily in the manufacture of polyvinyl chloride and other resins.
Fate

If vinyl chloride is released to the soil, it will be subject to rapid volatization based on a
reported vapor pressure of 2600 mm Hg at 25°C. Any vinyl chloride not evaporating will
be expected to be highly mobile in the soil and may leach to the ground water. The half-
lives of 0.2 and 0.5 days were reported for terrestrial fate. When released to water, vinyl

chloride will rapidly volatilize with an estimated half-life of 0.805 hours.

Existing data indicate that vinyl chloride is resistant to biodegradation in aerobic systems.
The rate constant for the vapor phase reaction of vinyl chloride with photochemically
produced hydroxyl radicals has been determined to be 6.6 x 10-12 ¢m3 molecule-sec at
26°C. This process has a half-life of 1.5 days at an atmospheric concentration 8 x 10°
hydroxy radicals per cm3. In waters containing photosensitizers such as humic acid,
photodegradation will occur fairly rapidly (NLM 1989).

Human Health Effects

Vinyl chloride is a skin irritant and contact with the liquid may cause frostbite upon
evaporation. The eyes may be immediately and severely irritated. Vinyl chloride depresses
the central nervous system. Chronic exposure may cause hepatic damage. Nausea and
dulling of visual and auditory responses may develop in acute exposures. It has been

classified as a human carcinogen, and a causal agent of angiosarcoma of the liver. Cancer

of the lung, lymphatic and nervous systems has also been reported.




A review of data obtained from various carcinogenicity studies of vinyl chloride revealed that
cancer developed on a dose and time basis. Inhaled vinyl chloride was carcinogenic in
mice and rats. The frequency of deaths increased with concentrations and total exposure
time. Recent inhalation studies with albino CD1 mice and CD rats confirmed the

carcinogenicity of vinyl chloride at concentrations as low as 50 ppm.

Environmental Effects

After a 10 day exposure at 338 ppm complete mortality was reported during a test involving
northern pike (NLM 1989). Sax (1984) reports a TLM 96 for aquatic organisms
(concentration that will kill 50 percent of the exposed organisms within 96 hours) of over
1000 ppm. A bioconcentration factor of 1.17 was reported for fish (U.S. EPA 1986).
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1,2,4-TRICHLOROBENZENE (CAS #120-82-1)

1,2,4-Trichlorobenzene (124-TCB) is a colorless, aromatic liquid. Major commercial uses

are as a dye carrier, a synthesis intermediate, a dielectric fluid and as a solvent.
Fate

its strong tendency to adsorb on solids accounts for low volatility from soils and turbid
water. Although mobility through ground water is expected to be minimal due its high
coefficient qf adsorption to soils, and the fact that it will not hydrolyze under environmental
conditions, 124-TCB can be found at appreciable concentrations in ground water. 124-
TCB may biodegrade slowly in soil but is not expected to biodegrade in ground water. |f
released to surface water, its major fate pathway would be adsorption to the sediments,
although evaporation may be significant if suspended sediments are low. Absorption by
microorganisms and a fairly high bioconcentration potential also could affect pathway
distribution. 124-TCB is expected to be relatively persistent in soils and sediments. Half-
lives in rivers have been reported from 4.2 hours to 28 days. In the atmosphere, reaction
with photochemically produced hydroxyl radicals results in an estimated vapor phase half-
life of 18.5 days (NLM 1989).

Human Health Effects

124-TCB is absorbed from the gastrointestinal tract, intact skin and lung. Principal
toxicological concerns from which oral reference doses have been determined are
associated with enzyme induction at dose levels of 10 mg/kg/day and increased liver-to-
body ratios effective at higher oral dose levels in rate subchronic studies. One study

reported no adverse effect levels of 14.8 and 8.9 mg/kg/day, respectively, for female and

male rats. 124-TCB has been designated by the U.S. EPA as not classifiable as to
carcinogenicity (U.S. EPA 1990).




Environmental Effects

Holcombe et al. (1987), Carlson and Kosian (1987) and McCarty et al. (1985) reported 96-
hr LC50s in the range of 1.5 to 3.0 mg/l for fathead minnows and trout. Acute values (48-
hr LC50) for Daphnia range from 3.4 to 50 mg/l (Holcombe et al. 1987, NLM 1989).
Maximum acceptable toxicant concentrations of 290 to 707 ug/l for fatheads and 126 ug/l
for trout were reported by Barnthouse and Suter (1986) and McCarty et al. (1985) with
respective NOECs of 119 to 507 and 99 ug/l. Bioconcentration factors for Daphnia were
reported as 141 and for fish as 813 to 3,162 (NLM 1989).
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BUTYLBENZYLPHTHALATE (CAS #85-68-7)

Butylbenzylphthalate is a clear, oily liquid with a slight odor. It is used as a plasticizer for
polyvinyl and cellulose resins, primarily in polyvinylchloride (NLM 1990).

Fate

Butylbenzylphthalate released to the atmosphere has an estimated half-life of 1-5 days.
Since its vapor pressure is only 8.6 x 106 my Hg at 20 degrees Centigrade, volatilization
of butylbenzylphthalate is not expected to be a significant transport mechanism. Phthalate
esters in air are expected to be controlled by hydroxyl radical attack, while adsorption onto
particulates and rainout are less important fate processes. Butylbenzylphthalate released
to water will partition to solids, sediment and biota. Photodegradation and hydrolysis is not
significant since the half-lives for these processes are greater than 100 days. It has a low
Henry's Law constant, therefore, volatilization from water will not be significant except from
shallow rivers or during high wind activity. If released to land, benzylbutylphthalate should
not leach appreciably, although it has been detected in groundwater. The most significant
fate process for butylbenzyiphthalate in soil is biodegradation. Because of its low volatility,

evaporation from soil is not considered to be significant (NLM 1990).

Human Health Effects

Exposure to butylbenzyiphthalate can occur through inhalation, ingestion, and dermal
absorption. Toxicity studies with rats produced significantly increased liver-to-body weight
and liver-to-brain weight ratios (U.S. EPA 1990). Butylbenzylphthalate has been identified
as a possible human carcinogen (U.S. EPA 1990).
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Environmental Effects

Biodegradation of Butylbenzylphthalate is rapid and extensive in natural water and sewage
systems and is readily degraded by mixed microbial cultures. It has not been found to be
an accumulative or persistent chemical in fish. In fish the half-life may be as short as 1.5
hours, yielding 99% clearance in 24 hours. LCgq values of 62 mg/l/24 hr and 43 mg/|/96
hr were found in bluegill sunfish (Lepomis macrochirus). In alga, ECgq values ranged from
130 to 1 x 108 ug/l/96 hr with a toxic effect on cell number (NLM 1990).
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DI-N-BUTYLPHTHALATE (CAS #84-74-2)

Di-n-butylphthalate, also known as dibutyl phthalate, is a colorless to faint yellow viscous
liquid, with a slight, but characteristic ester odor. It is used primarily to soften plastics
such as raincoats, car interiors, vinyl fabrics and fioor tiles. Dibutyl phthalate is also used

in products such as nail polish, aftershave iotion, adhesives and caulking (NLM 1990).

Fate

Di-n-butylphthalate exists primarily as particulate matter and is subject to gravitational settling
when released into the atmosphere. [t has an estimated half-life of 18 hours in air and the
free molecule will photodegrade by reaction with hydroxyl radicals. In water, di-n-
butylphthalate will adsorb moderately to sediment and complex with humic material in the
water column. Biodegradation rates are rapid with 90-100% degradation in 3-5 days in
industrial rivers, and 2-17 days in water from a variety of estuarine and freshwater
conditions. Although it biodegrades under anaerobic conditions, its fate in groundwater
remains unknown. Di-n-butylphthalate will adsorb to a moderate extent and will slowly
biodegrade in soil (66 to 98% degradation in 26 weeks from two soils) (NLM 1990).

Human Health Effects

Exposure to dibutyl phthalate may occur through inhalation, ingestion or dermal routes.
It can be found in wastewater emissions during production and use, incineration of plastics
and migration from products from which it is constructed. Exposure may also occur from
drinking water and food products. Contact may cause burns to skin and eyes. Breathing
plasticizers as sprays can cause throat irritation. Problems with menstrual disorders and
higher rates of miscarriages, reduced gestation and delivery rates have been reported
among women who worked in industries where phthalates were used. Di-n-butyl phthalate
has not been classified as a carcinogen as both human and animal studies are not
available (U.S. EPA 1990).
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Environmental Effects

Di-n-butyl phthalate is readily metabolized and does not bioaccumulate in fish to any extent.
Studies of clams (Neanthes virens), american oysters, brown shrimp and sheepshead

minnow reported similar findings. Dibutyl phthalate is toxic to synchronously developing
larvae of the brine shrimp, Artemia. An LCgq value of 0.21 mg///1500 hr were found in
scud (Gammarus fasciatus), while the alga, Gymnodinium breve, was reported to have a
LCgq value of 0.02-0.6 ppm/96 hr (NLM 1990).
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DI-N-OCTYL PHTHALATE (CAS #117-84-0)

Di-n-octylphthalate is a liquid at room temperature and a hazardous constituent of industrial
wastewater or caustic cleaning wastes from equipment and tank cleaning from paint
manufacturing. Di-n-octylphthalate is also found in emission control dust or sludge from

paint manufacturing and other plasticizers (U.S. EPA 1990c).
Fate

Di-n-octylphthalate has an estimated half-life in air of 13.8 hours. In water, it adsorbs to
sediment and particulate matter in the water column, with one study showing an estimated
half-life of 5 days. Di-n-octyl phthalate strongly sorbs to soil and does not readily leach into
groundwater. Nevertheless, it has been found in drinking water derived from ground water,
although its fate in ground water is unknown. Di-n-octylphthalate will slowly leach or
volatilize from plastics during normal use or in landfills. Surfactants, fulvic acid, dispersed
fats or oils or other substances with a hydrophobic character can solubilize phthalates in
the environment (NLM 1990).

Human Health Effects

Since phthalates are of very low acute oral toxicity, the primary hazard for Di-n-
octylphthalate is in handling. Exposure to phthalic anhydride in the form of a dust, fume
or vapor may result in irritation of the eyes, skin and respiratory tract. Conjunctivitis and
skin erythema, burning and contact dermatitis may occur. Inhalation of the dust or vapors
may cause coughing, sneezing, and a bloody nasal discharge. Repeated exposure could
result in bronchitis, emphysema, allergic asthma, urticaria and chronic eye irritation. It can

also be a central nervous system depressant if absorbed (NLM 1990).
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Environmental Effects

Di-n-octylphthalate bioconcentrates in algae and other aquatic organisms, although the
data are contradictory in fish. LCgq values of 6.18 and 33,900 ug/I/7-8 days were found
in redear sunfish (Lepomis microlopus) and large mouth bass (Micrégterus salmoides),
respectively. The channel catfish, Ictarus punctatus, was reported to have a LCgq value
of 630 ug/l/7 days (NLM 1990).
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BIS (2-ETHYLHEXYL) PHTHALATE (CAS #117-81-7)

Bis (2-ethylhexyl) phthalate, also known as di (2-ethylhexyl) phthalate or DEHP, is a
colorless or light colored oil liquid with a slight odor. It is commonly used as a plasticizer
for PVC resins. Other uses include pesticide formulations, dielectric fluids and solvents.
Although there have been reports suggesting natural sources of the chemical, they are
negligible compared to manmade sources (ATSDR 1989a). Bis (2-ethylhexyl) phthalate has
a low vapor pressure (1.32 mm Hg at 200°C).

Fate

Bis (2-ethylhexyl)phthalate has a strong tendency to adsorb to soil and sediment, particularly
organic-rich soils. Due to its low volatility, bis (2-ethylhexyl) phthalate will tend not to
evaporate when discharged to the land or water. DEHP has been shown to biodegrade
under aerobic conditions, with a half-life of several days. Biodegradation under anaerobic
conditions occurs very slowly if at all. Evaporation of DEHP from surface waters is likely
to be negligible, with sediments playing a more important role in determining the fate of
the chemical. Because of its low vapor pressure and strong adsorptive tendency,
atmospheric DEHP will have a strong tendency to adsorb to atmospheric particulates and
be removed in precipitation (ATSDR 1989a).

Human Health Effects

Bis (2-ethylhexyl) phthalate is absorbed well through the gastro-intestinal tract following
ingestion. Once absorbed, DEHP is distributed through the body with the liver and testes
being main target organs. Elimination from the body is rapid, with only a slight cumulative

potential.
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Environmental Effects

Reported LCg values for the coho salmon, channel catfish, rainbow trout and bluegill were
greater than 100 mg/l for a 96-hour static test. Other tests reported LCgqs of greater than
770 mg/l for bluegills in a 96-hour test and 1,000-5,000 ug/l for Daphnia magna in a 48-
hour test. Bis (2-ethylhexyl) phthalate does have a tendency to bioconcentrate in aquatic
organisms. Experimental log bioconcentration factors range from 2 to 4 in fish and
invertebrates. The bioconcentration factor for rainbow trout was 42-113 for a 36 day test.
Fathead minnow had a bioconcentration factor of 115-886 in a 56 day test. The log
octanol/water partition coefficient for bis (2-ethyihexy!) phthalate is 4.88 (NLM 1989).

D-46




TOXAPHENE (CAS #8001-35-2)

Toxaphene is a mixture of more than 175 components produced by the chlorination of

camphene. It has been used extensively as a pesticide on cotton as well as other crops.

Fate

Toxaphene is very persistent in the environment, and when released to soil will persist for
periods of up to 14 years. It is not expected to leach to ground water or be removed
significantly by runoff unless it is adsorbed to clay particles which are removed by runoff.
Biodegradation may be enhanced by anaerobic conditions such as flooded soils.
Evaporation from soils and surfaces will be a significant process for toxaphene. A reported
KOC of 2.1 E+5 indicates that toxaphene will adsorb very strongly to soils and sediments
(NLM 1989).

Human Health Effects

The fatal dose of toxaphene in man has been estimated to range from 2 to 7 grams. Fatal
human poisonings, however, have been rare (Clayton and Clayton 1981). Nonfatal
poisoning often begins in 4 hours or less after toxaphene is ingested. In fatal cases, severe
symptoms have begun as early as half an hour after exposure. Death from uncomplicated
toxaphene poisoning often occurs within the first 12 hours and occurred in one reported
case in less than 4 hours after exposure (Hayes 1982). In a survey of 199 employees who
worked or had worked with toxaphene between 1949 and 1977, 20 employees died, 1 with
cancer of the colon. None of the deaths appeared to be related to exposure to toxaphene.

Toxaphene is classified by the EPA as a probable human carcinogen.
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Environmental Effects

Toxaphene toxicities in birds include an oral LD50 of 71 mg/kg for mallards and 86 mg/kg
for bobwhite quail (3-5 month old birds). 96-hour LC50s reported for fish include 2.4 mg/l
for bluegills, 3.7 ug/l for carp, 13.1 ug/l of channel catfish, and 18 ug/l for fathead minnows.
Acute toxicity of toxaphene to daphnids was reported in the range of 10-14 ug/l. BCF
values reported for fish range from 3,100-33,000, indicating significant bioconcentration
potential (NLM 1989).
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POLYCHLORINATED BIPHENYLS (CAS #1336-69-1)
PCB-1254 (CAS #11097-69-1)

The polychiorinated biphenyls (PCBs) are a class of chemical that contain a large number
of congeners (groups of similar molecular composition, with two or more possible structural
forms). For PCBs, 209 separate congeners are possible. The physical, chemical, and
biological properties can vary among congeners. Commercially, the chemical composition
of a PCB product was varied to obtain desirable properties for specific uses. Because of
limitations in separation technology and analytical methods, all products consisted of
mixtures of uncertain numbers of PCB chemicals and isomers. In practice, only about one-
half of the possible 209 congeners occur in commercial PCB products. Composition of
commercial PCB products were conventionally coded to indicate the percent by weight of

chlorine present, e.g., Aroclor 1254 contained 54 percent chlorine.
Fate

The persistence of PCBs in the environment generally increases with an increase in the
degree of chiorination. Although biodegradation of the higher chlorinated congeners occurs
only slowly in soil systems, it is the only degradation process shown to be important.
PCBs, particularly the higher chlorinated congeners, will not leach significantly from most
soils; however, in the presence of organic solvents, such as may be present at waste sites,
PCBs may leach quite rapidly to ground water. Vapor loss from soils is very slow, yet
volatilization may be a significant loss mechanism over time owing to the persistence and
stébility of PCBs. In surface water, PCBs will tend to partition to sediments and suspended
particulates. Adsorption can immobilize PCBs for relatively long periods. However,
resolution of PCBs has been shown to occur, resulting in redistribution of PCBs into the
environment over a long period of time from sediments initially contaminated and serving
as sinks for substantial quantities of these compounds. Volatilization of dissolved PCBs
may be a major removal mechanism. PCBs are highly lipophilic and bioaccumulate in

tissue from concentrations in water (NLM 1989).
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In air, PCBs exist in both the vapor phase and in association with the particulate adsorption
phase. The higher chlorinated congeners will be more likely to be found adsorbed to
particulates. Reaction with hydroxyl radicals may be the dominant transformation process
in the atmosphere, but is active primarily on the lower chlorinated congeners associated
with the vapor phase. Physical removal is accomplished by wet and dry deposition (NLM
1989).

Human Health Effects

Acute or chronic human exposure to PCBs may cause eye irritation, chloracne (acne-like
eruptions of the skin), scaly skin, nervous system disorders, jaundice or atrophy of the liver,
reproduction effects, liver enzyme induction, liver dysfunction, behavior deficits in offspring,
and adverse developmental effects. The toxicity of PCB products appears generally to
increase with increasing degree of chlorination. There is also evidence that excessive

exposure to PCBs may adversely affect reproductive outcome.

The greatest potential PCB-related human health concern (based primarily on the results
of animal studies) are from long-term, low-level exposure. There is experimental evidence
of a carcinogenic effect when the highly chlorinated PCBs are administered at high doses
to laboratory animals. The PCBs are considered to be known carcinogens in rodents and

are classified as probable human carcinogens (U.S. EPA 1990).

PCBs may not be acutely toxic until the dose level reaches the mg/kg range (U.S. EPA
1980). Rats fed diets of Aroclor 1254 totaling 1,000 mg/kg all died in 53 days (Hudson et
al. 1984). Eisler (1986) concluded that the total (sum of exposures) rat lethal dietary ievel
of Aroclor 1254 is from 500 to 2,000 mg/kg for 1 to 7 week exposures.
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Environmental Effects

In general, acute toxicity in aquatic organisms occurs in concentrations above 2 ug/l. The
ninety-six hour LCg value for newly hatched fathead minnows (Pimephales promelas), was
7.7 ug/l for Aroclor 1254 (U.S. EPA 1980). Fifteen-day intermittent fiow bioassays carried
out with bluegills (Lepomis macrochirus) using Aroclor 1242, 1248, and 1254 resulted in
LCgq values of 54, 76 and 204 ug/l, respectively. Chronic toxicity values of 2.5 (NOEC),
7.5 (LOEC) and 4.3 (MATC) ug/l have been reported for Daphnia (U.S. EPA 1980).
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APPENDIX E
PROTECTIVE LEVELS FOR SITE CHEMICALS




GROUND WATER

Six chemicals present in the ground water at the Medley Farm Site lack established water
quality criteria for consideration in development of remediation alternatives. Target
concentrations are required for application at the point of exposure identified in the baseline
risk assessment, i.e., ground-water ingestion. It therefore was necessary to develop health-
based ground-water levels for these chemicals. The preliminary pollutant limit value (PPLV)

concept was used to obtain risk-based levels protective of human health.

The preliminary pollutant limit value concept has been used extensively, primarily by the
U.S. Army to help establish cleanup levels for soil and water, and goals for preventing
undue exposure to toxic chemicals from uncontrolled hazardous waste sites. The methods
involved are described in numerous agency reports and in at least one peer-reviewed
journal (Rosenblatt et al., 1986). The application of this concept to the Medley Farm Site

is presented below.

Development of Preliminary Pollutant Limit Values

Preliminary pollutant limit values (PPLVs) were calculated using the following standard
parameter values for chronic human exposure via the ground-water ingestion pathway: 70
kg adult body weight and an adult drinking water consumption rate of 2 liters per day (U.S.
EPA, 1990a). Site-specific parameter values used here (exposure frequency, exposure
duration, and averaging time) are taken from the Risk Assessment for the Site (Section 3.3.1
of this Feasibility Study). Estimates of acceptable daily dose (D) were derived from the

best available toxicological data, as explained below for each chemical.

The PPLV for ingestion of ground water is calculated by:

Ground Water PPLV = Dy_x body weight x averaging time
daily water intake x exposure frequency x exposure duration
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Derivation of the respective PPLVs are presented below for each chemical and summarized
in Table E.1.

1,1-Dichloroethane

Although 1,1-dichloroethane has been classified as Group C (possible human carcinogen)
by the EPA Carcinogen Assessment Group, the slope factor has been withdrawn pending
review (U.S. EPA, 1990c). The oral reference dose for noncarcinogenic effects (RfD) of
0.1 mg/kg/day (U.S. EPA, 1990b) is therefore used as the acceptable Dy for 1,1-
dichloroethane.

The health-based ground-water level, or PPLV, for 1,1-dichloroethane is calculated by:

Ground Water PPLV = 0.1 mg/kg/day x 70 kg x 10950 days
2 liters x 365 days/yr x 30 years

= 3.5 mg/l

Due to the fact that 1,1-dichloroethane is a Class C carcinogen and the ground water PPLV
was calculated using the RfD, which is the toxicity factor for noncarcinogenic effects, a
safety factor of 10 is applied to the PPLV. Thus, adjusted ground water PPLV = 0.35 mg/l.

Acenaphthalene

The only human health standard available for use as a Dy for acénaphthalene is the oral
RfD of 0.06 mg/kg/day, verified by the EPA RfD Work Group (U.S. EPA, 1990b).

The health-based ground-water level for acenaphthalene is therefore calculated as follows:

Ground Water PPLV = 0.06 mg/kg/day x 70 kg x 10950 days
2 liters x 365 days/yr x 30 years

= 21 mg/l




Acetone

The EPA Carcinogen Assessment Group has classified acetone as a group D substance,
i.e., not classifiable as to human carcinogenicity. The oral RfD of 0.1 mg/kg/day (U.S. EPA,
1990c¢) is therefore used a the acceptable daily dose for acetone.

The health-based ground-water level for acetone is calculated as follows:

Ground Water PPLV = 0.1 ma/kg/day x 70 kg x 10950 days
2 liters x 365 days/yr x 30 years

3.5 mgN

Benzoic Acid
Benzoic acid has been classified as a group D substance by the EPA Carcinogen
Assessment Group. Therefore, the oral RfD of 4 mg/kg/day (U.S. EPa, 1990c) is used as

the acceptable daily dose for benzoic acid.

The health-based ground-water level for benzoic acid is calculated as follows:

4 mg/kg/day x 70 kg x 10950 days
2 liters x 365 days/yr x 30 years

Ground Water PPLV

140 mg/l

Chloromethane

Chloromethane has been classified as Group C (possible human carcinogen) by the Human
Health Assessment Group of the EPA. An acceptable daily dose for chloromethane has
been derived based on a cancer risk of 10 and a cancer slope factor of 1.3 x 102
(mg/kg/day)! for the oral route.

Thus,

Dr = 1x10%
1.3 x 102

= 7.7 x 10 mg/kg/day




The health-based ground-water level for chloroemethane is calculated as follows:

Ground Water PPLV

7.7E-4 x 70 kg x 25,550 days
2 liters x 365 days/yr x 30 years

=  0.063 mg/

Diethylphthalate

Diethylphthalate, like acetone and benzoic acid, has been classified group D, not classifiable
as to human carcinogenicity. The acceptable daily dose is therefore taken to be the oral
RfD, which is 0.8 mg/kg/day (U.S. EPA, 1990c).

The health-based ground-water level for diethylphthalate is calculated by:

Ground Water PPLV = 0.8 mg/kg/day x 70 kg x 10950 days
2 liters x 365 days/yr x 30 years

28 mg/l

Phenot

Phenol is also classified group D and the oral RfD of 0.6 mg/kg/day (U.S. EPA, 1990c) is

used as an acceptable daily dose.

Therefore:

Ground Water PPLV 0.6 ma/kg/day x 70 kg x 10950 days

2 liters x 365 days/yr x 30 years

21 mg/l
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SOIL

The preliminary pollutant limit value concept was also used to develop a health-based level
for PCBs in soil at the Medley Farm Site. PPLVs were calculated using the standard and
site-specific parameter values for human exposure that were used for the Risk Assessment
in Section 3.3.1 of this Feasibility Study. Potentially significant routes of entry for PCBs in
surface soil are ingestion and dermal absorption. A single pathway preliminary pollutant
limit value (SPPPLV) is calculated for both of these routes of entry. The soil PPLV is then

calculated as 1 , after Rosenblatt et al. (1982).
b 1
SPPPLV

An acceptable daily dose for PCBs has been derived based on a cancer risk of 10® and
a cancer slope factor of 7.7/mg/kg/day (U.S. EPA, 1990c). Thus,

D = _1_x10¥®
7.7

1.3 x 10”7 mg/kg/day

The SPPPLV for soil ingestion is calculated as follows:

SPPPLYV for Ingestion = D1 x BW, x AT + Drx BW, x AT
' IR; x FI X ERy x ED, x CF IRy X FI x ERy x EDg X CF
= 1.3E-7ma/ka/d x 16 kg x 25550d + 1.3E-7 mg/kg/d x 70 kg x 25550d
0.2 g/d x .17 x 24 dfyr x 6 yr x 10™ kg/g 0.1 g/d x .17 x 24 d/yr x 15 yr x 103 kg/g

1.085E+1 + 2.374E+1
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34.6 mg/kg

The SPPPLV for dermal absorption of soil is calculated as follows:

SPPPLV for = Dt x BW. x AT + D1 x BW, x AT
Dermal SA; x AF x ABS; x EF x ED, x CF SA, x AF x ABS, x EFg x EDg x CF
Absorption

= 1.3 E-7 ma/kg x 37 kg x 25550d
4046 cm</event x 2.11 mg/cm< x 0.036 x 24 d/yr x 15 yr x 10°® kg/mg

+ 1.3 E-7 mg/kg x 70 kg x 25550d
3160 cm</event x 2.11 mg/cm< x 0.018 x 24 d/yr x 15 yr x 10°® kg/mg

= 1.111E+0 + 5.381E+0

= 6.5 mg/kg

The sail PPLV for the ingestion and dermal absorption paths are therefore:

Soil PPLV = 1
1 + 1
34.6 6.5
= 5.5 mg/kg
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TABLE E.1

HEALTH BASED LEVELS

Compound PPLV

Ground Water (mg/)
1,1-Dichloroethane | 0.35
Acenaphthalene 21
Acetone : 3.5
Benzoic Acid 140.0
Chloromethane 0.063
Diethylphthalate 28.0
Phenol 21.0

Soil {ma/kq)
PCBs 5.5
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APPENDIX F

CALCULATION OF SUBSURFACE
SOIL REMEDIATION LEVELS

MEDLEY FARM SITE



Subsurface soil levels that are protective of human heatlth and the environment are based
on a compound's potential to impact groundwater above promulgated standards. A
leaching model incorporating site-specific physical properties and environmental fate
considerations is the best method for predicting chemical concentrations in groundwater.
Factors to be considered include:

. annual infiltration

. chemical retardation

. fate mechanisms volatilization, biodegradation, hydrolysis
. soil type and properties

. groundwater flow.

The derivation of a generally applicable model using factors appropriate for the Medley
Farm Site is presented below. :

MODEL DERIVATION

The driving force for chemical transport to groundwater is infiltration. Bulk flow through the
unsaturated zone can be represented by a continuous flushing model (EPA, 1988) as:

Cw = Co(1-exp"‘/’)

where:
Cw = aqueous concentration at the water table
Co =  aqueous concentration in the source area
t =  time, years
T = leaching constant for the system

The leaching constant, 7, is equa! to the volume of unsaturated pore space divided by the
volumetric flow rate of chemical, as:

T = ! = A* D* e = _D_Q
Q A * Ve Ve
where:
A = area of application, ft2
D = unsaturated depth, ft
e volumetric moisture content

<
0

chemical transport velocity.




The chemical transport velocity can be related to the bulk phase velocity through a
retardation factor:

Ve = Vw = Vy
R

(1 + pkg/e)
where:
Vw = bulk (water) velocity = infiltration rate, (ft/yr)
R = retardation factor
p =  bulk density
kg = distribution coefficient = foc * koc
foc =  fraction organic carbon
koc =  organic carbon partitioning coefficient.

The aqueous chemical concentration at the source, C,, is related to the soil concentration
by the distribution coefficient as:

Co = GCslkp
where:
Cs - soil concentration.

This relationship assumes equilibrium between soil and leachate, a reasonable assumption
considering the slow infiltration rates.

Chemical transport in the unsaturated zone can therefore be described as:

Cw = Cg (1 -exp (tV,/De(1 + pkp/e)). (1)
kp
The Cg term is not constant and will decrease as chemlcals in the soil are leached into the
groundwater The rate of concentration decrease is dependent on the retardation factor,
infiltration rate and initial mass of chemical. The soil concentration at time i is equal to the

mass of chemical at time i-1 minus the mass of chemical in the leachate divided by the
volume of soils in the source area.

The soil concentration at time i can be expressed as:

Csi = Csiq - (Cgi1 M | 2
deP)




where:
d = depth of source materials.

The model revises the equilibrium soil concentration at each time increment to account for
the mass lost to leachate. The revised soil concentration is then input into Eq. 1 to
calculate the leachate concentration at the interface of the unsaturated zone and the water
table (C,,) The chemical concentration in groundwater, Cgw, is a function of the
groundwater flow beneath the site. The relationship is:

Cgw = CpQ (3)
Q| + Qgw
where:
Cgw = chemical concentration in groundwater
Q; = leachate flow rate into aquifer
Qgw = groundwater flow rate beneath site.

The leachate flow rate (Q)) is equal to the infiltration rate times the source area. The
volumetric flow rate of groundwater (Qgw) is estimate as the specific discharge times the
effective vertical cross-sectional area of the aquifer perpendicular to the groundwater flow
across the contaminated area of the site:

Qgw = KiAg (4)
Where:

K = hydraulic conductivity (ft/day).
i = hydraulic gradient (ft/ft)
A = cross-sectional area of groundwater flow (ft2).

The cross-sectional area of groundwater flow (A.) is equal to the width of the source area
perpendicular to groundwater flow, multiplied by the depth into the aquifer in which mixing
of leachate occurs. This estimate mixing depth is estimated from the following formula
(EPA, 1985):

Z = (dY)05 (5)
Where:
y4 mixing depth (ft)

d, = vertical dispersivity
Y’ = length of source area parallel to groundwater flow (ft).
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The resulting chemical concentration in groundwater (Cqw) must be less than the
groundwater remediation level for the soil concentration to be considered protective. The
soil remediation level is calculated by selecting a starting soil concentration and comparing
the calculated groundwater concentration with the groundwater standard. The recalculation
of Cg; is an interactive process that requires a trial-and-error solution for the soil remediation
level. Starting values for Cs are input until a Cgw value equal to the groundwater standard
is obtained.

SITE-SPECIFIC FACTORS

Soil properties and hydrologic values for the Medley Farm Site are presented in Table E.1.
Organic carbon partitioning coefficients and groundwater remediation values are presented
in Table E.2.

The vertical extent of source materials has been set at 10 feet. This value is based on the
test pits placed through the former lagoons and is conservative, as the depth of fill materials
was 3.5 feet or less (Appendix B of the Rl). The vertical extent of source materials is used
to define a mass of chemicals available for leaching into groundwater. The unsaturated
depth beneath the source materials is set at 60 feet, based on the depths to groundwater
found during the RI.

The fraction of organic carbon in site soils has been assumed to be 0.01 in the absence
of actual measurements. While the clays and silts of the site are naturally low in organic
matter, they have organophilic properties that retard the movement of organic compounds
(Lyman, 1982). The assumed value represents an effective foc based on soil type and is
conservative.

The highest concentrations of source materials are located almost exclusively in the former
lagoon area. The source term area is based on the lagoon areas plus a 100% buffer zone
to provide a conservative estimate of leachate volume.

The cross-sectional area of groundwater flow available for mixing with site leachate is the
product of the source area width perpendicular to flow and the mixing depth in the aquifer.
Groundwater flow in the former lagoon areas is to the southeast. The width of the former
lagoons along this path is approximately 200 feet. Calculation of the mixing depth using
Equation 5 requires input of the vertical dispersivity (d,) and the source area length parallel
to groundwater flow (Y’). The vertical dispersivity was set equal to the lateral dispersity
value of 1.5 used in the groundwater transport modeling (Section 2.3). The source area
length is measured from TP-4 to TP-14, a distance of approximately 350 feet. The mixing
depth (2) is calculated as :

Z = (d,y95 = (15x35005

= 23 feet.
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This depth is less than that of the combined saturated saprolite and transition zone beneath
the site. Since the underlying bedrock contains VOCs at select locations, this depth is
conservative.

The cross-sectional area for groundwater mixing at the site is then:

A (200 ft) (23 f)

4600 ft2

Values for the hydraulic conductivity and gradient were determined in the Rl. The
groundwater flow beneath the site is therefore:

KiAc
(0.97 ft/d)(0.045)(4600 ft2)
200 ﬁ3/day

Qgw

CALCULATION OF PROTECTIVE SOIL LEVELS

Calculation of the soil remediation level for trichloroethene illustrates application of the
model. The only chemical-specific input parameters are the organic carbon partitioning
coefficient (koc) and the groundwater remediation level, which are presented in Table E.2.
The remaining input parameters are site-specific and are presented in Table E.1.

1) Calculate retardation factor, R.

R (1 + p*foc*koc/e)
1+ 1.9*0.01*126/0.2
13

2) Calculate unsaturated chemical transport velocity, Vc.

Ve Vw/R

(1 ft/yr)/13 =  0.077 ftiyr

3) Calculate leaching constant, r

T = De/NVc
= (50 ft)(0.2)/(0.077 ft/yr) = 130

Determination of a soil remediation level is an interactive process, as illustrated in Table E.4.
An initial soil concentration value, Cs, is placed into Equation 1 to generate an equilibrium
concentration at the water table. The mass of chemical lost to leaching is used to generate
a new starting soil concentration calculated throughout the selected time period. A new
starting value for Cs is input until the value for Cgw is equivalent to the groundwater
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remediation level. For TCE, the protective soil level of 500 ug/l is approximately 80 times
the groundwater MCL of 5 ug/l. This finding is reasonable considering the type and depth
of unsaturated soils, the flow of groundwater at the site, and the mobility of TCE.

Calculated soil remediation levels are based on protecting groundwater to MCLs, which are
the most stringent groundwater levels evaluated for the Site. The soil remediation levels_ are
therefore protective of maximum use of Site groundwater.

The model assumes that soils in the entire source area of 44,000 square feet to a depth
of 10 feet are at the calculated soil remediation level. This approach greatly overestimates
the potential to impact groundwater since the calculated soil remediation level is applied to
individual, not average, concentrations. In addition, no consideration of chemical loss
through natural degradation mechanisms is considered. Volatilization, for example, is a
significant loss mechanism for volatile organics at the site. The absence of volatilization and
other chemical reduction factors causes the model to overestimate the potential for chemical
transport to groundwater. The application of average remediation levels to individual
concentrations and the disregarding of natural attenuation mechanisms ensure that the
given model is conservative and can be used to define potential remedial requirements.

Subsurface soil levels protective of MCLs in groundwater are summarized in Table E.3.

Calculations of individual soil remediation levels for Site chemicals are presented in Tables
E.4 through E.22.
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TABLE F.1

SOIL PROPERTIES AND HYDROLOGIC VALUES USED IN THE MODEL

TERM

Infiltration rate (1)

Volumetric moisture content (e)
Bulk density (p)

Unsaturated depth (D)

Depth of source materials (d)
Fraction organic carbon (foc)
Source Area (A)

Leachate flow rate (Qp)
Mixing depth (2)

Hydraulic conductivity (k)
Hydraulic gradient (i)
Groundwater flow area (Ac)

Groundwater flow rate (Qgw)

VALUE
1.0 ft/yr
0.2

1.9

60 ft

10 ft

0.01
44,000 ft2
120 ft3/d
23 ft
0.97 ft/d
0.045 f/ft
4600 ft2

200 #t3/d

SOURCE

RI

RI

Assumed value
Ri

Ri

Assumed value
Measured
Calculated
Calculated

RI

Ri

Calculated

Calculated



TABLE F.2

CHEMICAL-SPECIFIC VALUES

Groundwater

Compound Koc Level (ug/l) Source
1,1-Dichloroethane 30 3500 (1)
1,2-Dichloroethane 14 5 MCL
1,1-Dichioroethene 65 7 MCL
1,2-Dichloroethene (total) 54 70 MCL
1,1,1-Trichloroethane 152 200 MCL
1,1,2-Trichloroethane 56 5 PMCL
Trichloroethene 126 5 MCL
Tetrachloroethene 364 5 MCL
Chloroform 31 100 MCL
Methylene chloride 8.8 5 PMCL
Acenaphthalene 4600 2100 (1)
Acetone 22 3500 (1)
Benzoic Acid 65 140,000 (1)
1,4-Dichlorobenzene 1,700 75 MCL
Diethylphthalate 142 28,000 (1)
Bis(2-ethylhexyl)phthalate 10,000 4 PMCL
Phenol 14.2 21,000 (1)
1,2,4-Trichlorobenzene 9,200 9 PMCL
PCBs 530,000 0.5 MCL

(1) No promulgated standard value available. Value given is a risk-based level
protective of human health (Appendix E).

MCL - Maximum Contaminant Level (40 CFR 141.61).

PMCL - Proposed Maximum Contaminant Level (55 FR 30370).
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SUBSURFACE SOIL LEVELS PROTECTIVE

TABLE F.3

OF GROUNDWATER (MCLs)

Volatile Organics

1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethene
1,2-Dichloroethene (total)
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Tetrachloroethene
Chloroform

- Methylene chloride

Semi-volatile Organics

Acenaphthalene

Acetone

Benzoic Acid
1,4-Dichlorobenzene
Diethylphthalate
Bis(2-ethylhexyl)phthalate
Phenol
1,2,4-Trichlorobenzene
PCBs
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Soil Remediation

Level
(ug/kq)

70,000
60

270
2,100
26,000
160
500
1,600
3,000
40

13,000,000
12,000
5,500,000
150,000
3,300,000
84,000
250,000
160,000
400,000



TABLE F.4

ESTIMATED SUBSURFACE SOIL REMEDIATION LEVEL
MEDLEY FARM SITE
COMPOUND - TRICHLOROETHENE

p = 900 gal/day Qgw = 1500 gal/day
I = 0.305 m/yr D = 15 meters

Koc = 126 d = 6 meters

R = 12.97 foc = 0.01

1Y/T = 0.007838 Kd = 1.26 l/kg

vol. moist. content = 0.2 MCL = 5 ug/l

Bulk density = 1.9

Time Cs Cw Cgw

(years) C/Co (ug/kg) (ug/l) (ug/l)
0 0 500 0.0 0.00
1 0.007807 489 3.1 1.16
2 0.015554 469 6.0 2.27
3 0.023241 439 8.6 3.24
4 0.030867 401 10.7 4.03
5 0.038434 359 12.2 4.59
6 0.045942 313 13.1 4.91
7 0.053392 267 13.3 4.98
8 0.060783 221 12.9 4.82
9 0.068116 179 12.0 4.49
10 0.075392 149 10.7 4.02
1" 0.082611 108 9.2 3.47
12 0.089774 81 7.7 2.89
13 0.096881 58 6.2 2.32
14 0.103933 41 4.8 1.80
15 0.110929 28 3.6 1.35
16 0.117871 18 2.6 0.98
17 0.124759 12 1.8 0.68
18 0.131593 7 1.2 0.46
19 0.138373 4 0.8 0.30




TABLE F.5

ESTIMATED SUBSURFACE SOIL REMEDIATION LEVEL
MEDLEY FARM SITE
COMPOUND - 1,1-DICHLOROETHANE

Qp = 900 gal/day Qgw = 1500 gal/day
I = 0.305 n/yr D = 15 meters
Koc = 30 d = 6 meters
R = 3.85 foc = 0.01
YT = 0.026406 Kd = 0.3 l/kg
vol. moist. content = 0.2 MCL = 3500 ug/l
Bulk density = 1.9
Time Cs Cw Cgw
(years) c/Co (ug/kg) Cug/L) Cug/Ll)
0 0 70000 0.0 0.00
0.5 0.013116 66879 3060.6 1147.71
0.026061 60914 5809.8 2178.68
1.5 0.038836 52766 7885.6 2957.10
2 0.051443 43354 9048.2 3393.06
2.5 0.063885 33688 9232.3 3462.13
3 0.076164 24675 8552.8 3207.30
3.5 0.088281 16973 7261.2 2722.96
4 0.100240 10918 5671.3 2126.75
4.5 0.112042 6537 4077.8 1529.16
0.123689 3622 2695.1 1010.65
5.5 0.135183 1845 1632.1 612.03
6 0.146527 858 901.3 338.00
6.5 0.157721 361 451.1 169.15
7 0.168769 135 202.9 76.08
7.5 0.179672 45 81.1 30.43
8 0.190432 13 28.5 10.68
8.5 0.201051 3 8.6 3.23
9 0.211531 1 2.2 0.82
9.5 0.221873 0 0.5 0.17




TABLE F.6

ESTIMATED SUBSURFACE SOIL REMEDIATION LEVEL
MEDLEY FARM SITE
COMPOUND - 1,1-DICHLOROETHENE

p = 900 gal/day Qgw = 1500 gal/day
I = 0.305 n/yr D = 15 meters

Koc = 65 d = 6 meters

R = 7.175 foc = 0.01

7T = 0.014169 Kd = 0.65 l/kg

Vol. moist. content = 0.2 MCL = 7 ug/l

Bulk density = 1.9

Time Cs Cw Cgw

(years) C/Co (ug/kg) (ug/l) (ug/L)
0 0 275 0.0 0.00
1 0.014069 264 6.0 2.23
2 0.027941 242 1.3 4.25
3 0.041617 212 15.5 5.81%
4 0.055101 177 18.0 6.74
5 0.068396 141 18.6 6.99
6 0.081503 106 17.6 6.62
7 0.094426 s 15.4 5.77
8 0.107167 51 12.4 4.66
9 0.119729 32 9.3 3.49
10 0.132114 19 6.5 2.43
1 0.144325 10 4.2 1.56
12 0.156364 5 2.5 0.93
13 0.168234 2 1.3 0.50
14 0.179936 1 0.7 0.25
15 0.191474 0 0.3 0.1
16 0.202850 0 0.1 0.05
17 0.214066 0 0.0 0.02
18 0.225124 0 0.0 0.01
19 0.236026 0 0.0 0.00




Qp
1
Koc =
R
VAl

TABLE F.7

ESTIMATED SUBSURFACE SOIL REMEDIATION LEVEL
MEDLEY FARM SITE
COMPOUND - 1,2-DICHLOROETHANE

900 gal/day
0.305 m/yr

0.

14
2.33
043633

Vol. moist. content =
Bulk density =

Time
(years)

1.25
1.5
1.75

2.25
2.5
2.75

0.
0.
0.
0.
0.
.063354
.073516
.083568
.093510
.103345
113073
0.

o0 o0 o0 o o

010849
021580
032195
042695
053081

122695

Qgw
D
d
foc =
Kd =
0.2 MCL =
1.9

Cs
(ug/kg)

O =N &~ O

1500 gal/day
15 meters
6 meters

0.01

0.14 /kg
5 ug/l

Cu
(ug/\)

1.9

Cgw
(ug/l)




TABLE F.8

ESTIMATED SUBSURFACE SOIL REMEDIATION LEVEL
MEDLEY FARM SITE
COMPOUND - 1,2-DICHLOROETHENE (TOTAL)

Qp = 900 gal/day Qgw = 1500 gal/day
I = 0.305 nvyr D = 15 meters
Koc = 54 d = 6 meters
R = 6.13 foc = 0.01
YT = 0.016585 Kd = 0.54 l/kg
Vol. moist. content = 0.2 MCL = 70 ug/l
Bulk density = 1.9
Time Cs Cw Cow
(years) C/Co Cug/kg) (ug/l) (ug/l)
0 0 2100 0.0 0.00
1 0.016448 1996 64.0 23.99
2 0.032626 1798 120.6 45.22
3 0.048537 1531 161.6 60.61
4 0.064187 1228 182.0 68.24
5 0.079580 923 180.9 67.84
6 0.094719 649 162.0 60.74
7 0.109609 424 131.7 49.39
8 0.124255 256 97.5 36.57
9 0.138659 142 65.7 26.64
10 0.152827 72 40.1 15.05
1" 0.166762 33 22.1 8.28
12 0.180467 13 10.9 4.08
13 0.193947 5 4.7 1.78
16 0.207205 1 1.8 0.68
15 0.220245 0 0.6 0.22
16 0.233071 0 0.2 0.06
17 0.245686 0 0.0 0.01
18 0.258093 0 0.0 0.00
19 0.270296 0 0.0 0.00




TABLE F.9

ESTIMATED SUBSURFACE SOIL REMEDIATION LEVEL
MEDLEY FARM SITE
COMPOUND - 1,1,1-TRICHLOROETHANE

Qp = 900 gal/day Qgw = 1500 gal/day
1 = 0.305 m/yr D = 15 meters

Koc = 152 d = 6 meters

R = 15.44 foc = 0.01

/71 = 0.006584 Kd = 1.52 l/kg

Vol. moist. content = 0.2 MCL = 200 ug/L

Bulk density = 1.9

Time Cs Cw Cow

(years) C/Co (ug/kg) (ug/l) Cug/L)
0 0 26400 0.0 0.00
1 0.006562 25935 114.0 42.75
2 0.013082 25022 223.2 83.7
3 0.019560 23701 322.0 120.75
4 0.025994 22032 405.3 152.00
5 0.032387 20093 469.4 176.04
6 0.038737 17971 512.1 192.03
7 0.045046 15757 532.6 199.72
8 0.051313 13538 531.9 199.48
9 0.057539 11394 512.5 192.18
10 0.063725 9388 477.7 179.13
1" 0.069869 7570 431.5 161.83
12 0.075974 5971 378.4 141.90
13 0.082038 4605 322.3 120.86
14 0.088063 3470 266.8 100.05
15 0.094048 2554 214.7 80.52
16 0.099994 1835 168.0 63.01
17 0.105%900 1286 127.8 47.94
18 0.111768 878 94.5 35.45
19 0.117598 585 68.0 25.48




TABLE F.10

ESTIMATED SUBSURFACE SOIL REMEDIATION LEVEL
MEDLEY FARM SITE
COMPOUND - 1,1,2-TRICHLOROETHANE

Qp = 900 gal/day
1 = 0.305 m/yr

Koc = 56

R = 6.32

171 = 0.016086

Vol. moist. content =

Bulk density =
Time

(years) C/Co

1] 0

1 0.015957

2 0.031660

3 0.047113

4 0.062319

5 0.077282

6 0.092007

7 0.106496

8 0.120755

9 0.134786

10 0.148592

1" 0.162179

12 0.175549

13 0.188705

14 0.201652

15 0.214392

16 0.226928

17 0.239265

18 0.251404

19 0.263350

Qgw

D =

d =

foc

Kd =
0.2 MCL
1.9

Cs
(ug/k

9)

O O 0O 00 00 = WO

1500 gal/day
15 meters
6 meters

0.01

0.56 l/kg
5 ug/t

Cw
(ug/l)

Cgw
(ug/l)




TABLE F.11

ESTIMATED SUBSURFACE SOIL REMEDIATION LEVEL
MEDLEY FARM SITE
COMPOUND - TETRACHLOROETHENE

Qp = 900 gal/day
1 = 0.305 n/yr

Koc = 364

R = 35.58

17 = 0.002857

Vol. moist. content =

Bulk density =

Time

(years) C/Co
0 0
2 0.005698
4 0.011364
6 0.016998
8 0.022599
10 0.028169
12 0.033707
14 0.039214
16 0.044689
18 0.050133
20 0.055545
22 0.060927
24 0.066279
26 0.071600
28 0.076890
30 0.082150
32 0.087381
34 0.092581
36 0.097752
38 0.102894

[}

Qgw
b =
d =
foc =
Kd =
0.2 MCL =
1.9

Cs
(ug/kg)

1500 gal/day
15 meters
6 meters

0.01

3.64 L/kg
5 ug/l

9.1
10.7
11.8
12.5
12.8
12.7
12.2
1.4
10.4

9.3

8.0

6.8

5.7

4.6

3.6

2.8

Cow
Cug/l)



TABLE F.12

ESTIMATED SUBSURFACE SOIL REMEDIATION LEVEL
MEDLEY FARM SITE
COMPOUND - METHYLENE CHLORIDE

Qp = 900 gal/day Qgw = 1500 gal/day
1 = 0.305 n/yr b = 15 meters
Koc = 8.8 d = 6 meters
R = 1.836 foc = 0.01
/7 = 0.055374 Kd = 0.088 l/kg
Vol. moist. content = 0.2 MCL = 5 ug/l
Bulk density = 1.9
Time Cs Cw
(years) C/Co (ug/kg) (ug/l)
0 0 40 0.0
0.2 0.011013 38 5.0
0.4 0.021906 33 9.4
0.6 0.032678 27 12.3
0.8 0.043332 20 13.3
1 0.053868 14 12.5
1.2 0.064289 9 10.4
1.4 0.074594 5 7.7
1.6 0.084786 3 5.0
1.8 0.094866 1 2.9
2 0.104835 0 1.4
2.2 0.114694 0 0.6
2.4 0.124445 0 0.2
2.6 0.134088 ] 0.1
2.8 0.143625 0 0.0
3 0.153057 1 0.0
3.2 0.162385 0 0.0
3.4 0.171610 0 0.0
3.6 0.180733 0 0.0
3.8 0.189757 0 0.0
4 0.198680 0 0.0

Cgw
(ug/l)



TABLE F.13

ESTIMATED SUBSURFACE SOIL REMEDIATION LEVEL
MEDLEY FARM SITE

COMPOUND -
Qp = 900 gal/day
1 = 0.305 m/yr
Koc = 3
R = 3.945
VAR 0.025771
Vol. moist. content =
Bulk density =
Time
(years) C/Co
0 0
0.25 0.006422
0.5 0.012802
0.75 0.019142
1 0.025441
1.25 0.031700
1.5 0.037918
1.75 0.044097
2 0.050236
2.25 0.056335
2.5 0.062395
2.75 0.068417
3 0.074399
3.25 0.080344
3.5 0.086250
3.75 0.092118
4 0.097948
4,25 0.103741
4.5 0.109497
4.75 0.115216

CHLOROFORM

Qgw

D =

d =

foc =

Kd =

0.2 MCL =
1.9

Cs
(ug/kg)

336
235
159
104

40
24

1500 gal/day
15 meters
6 meters
0.01
0.31 t/kg
100 ug/L

Cw
(ug/l)

62.1
121.2
173.4
215.6
245.4
261.9
265.2
256.4
237.9
212.4
182.6
151.5
121.2

93.6

69.8

50.2

34.8

23.3

15.0

Cagw
(ug/1)




TABLE F.14

ESTIMATED SUBSURFACE SOIL REMEDIATION LEVEL
MEDLEY FARM SITE
COMPOUND - ACETONE

p = 900 gal/day Qgw = 1500 gal/day
1 = 0.305 m/yr D = 15 meters

Koc = 2.2 d = 6 meters

R = 1.209 foc = 0.01

vwT = 0.084091 Kd = 0.022 l/kg

Vvol. moist. content = 0.2 MCL = 3500 ug/l

Bulk density = 1.9

Time Cs Cw Cgw

(years) C/Co (ug/kg) (ug/l) (ug/L)

0 0 12000 0.0 0.00
0.1 0.008373 10541 4567.6 1712.84
0.2 0.016677 ™77 7990.6 2996.49
0.3 0.024911 5067 9032.8 3387.29
0.4 0.033077 2602 7617.8 2856.69
0.5 0.041174 10620 4869.8 1826.19
0.6 0.049203 276 2280.9 855.35
0.7 0.057165 41 716.4 268.65
0.8 0.065060 1 121.3 45.47
0.9 0.072889 0 3.7 1.38
1 0.080652 0 -0.4 -0.14

1.1 0.088351 0 0.1 0.03
1.2 0.095985 0 0.0 -0.01
1.3 0.103555 0 0.0 0.01
1.4 0.111062 0 0.0 0.00
1.5 0.118506 0 0.0 0.00




op

I
Koc =
R =
/7 =

TABLE F.15

ESTIMATED SUBSURFACE SOIL REMEDIATION LEVEL
MEDLEY FARM SITE
COMPOUND - ACENAPHTHALENE

900 gal/day
0.305 m/yr

4600

438

0.000232

Vol. moist. content =
Bulk density =

Time
(years)

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300

0.002318
0.004631
0.006939
0.009241
0.011538
0.013830
0.016116
0.018397
0.020673
0.022944
0.025209
0.027469
0.029724
0.031973
0.034218
0.036457
0.038691
0.040920
0.043143
0.045362
0.047575
0.049783
0.051986
0.054184
0.056377
0.058565
0.060747
0.062925
0.065097
0.067265

0.2
1.9

Qgw
D
d
foc =
Kd =
MCL =

Cs

(ug/kg)
13700000
13620318
13461882
13226992
12919271
12543567
12105834
11612967
11072623
10493020
9882728
9250452
8604826
7954213
7306530
6669090
6048473
5450431
4879819
4340564
3835655
3367169
2936321
2543523
2188478
1870264
1587442
1338155
1120233
931284
768789

1500 gal/day
15 meters
6 meters
0.01
46 t/kg
2100 ug/L

690.5
1371.4
2030.8
2657.4
3240.7
3771.4
4241.5
4644 .7
4976.4
5233.8
5416.1
5524.0
5560.3
558.8
5435.1
5285.6
5087.5
4848.5
4576.8
4280.4
3967.0
3644.1
3318.5
2996.1
2682.2
2381.1
2096.4
1830.5
1585.3
1361.8

Cgw
Cug/)

258.94

514.27

761.54

996.52
1215.26
1614.26
1590.55
1761.75
1866.13
1962.67
2031.02
2071.51
2085.10

2073.32

2038.18
1982.10
1907.80
1818.19
1716.30
1605.14
1487.63
1366.55
1244.42
1123.53
1005.82

892.93

786.14

686.45

594.50

510.68



Qp

1
Koc =
R =
Y1 =

]

TABLE F.16

ESTIMATED SUBSURFACE SOIL REMEDIATION LEVEL
MEDLEY FARM SITE

COMPOUND -

900 gal/day
0.305 m/yr

65

7.175

0.014169

Vol. moist. content =
Bulk density =

Time
(years)

T —
- O VOO WV~ WN-=0

12
13
14
15
16
17
18
19

0.014069
0.027941
0.041617
0.055101
0.068396
0.081503
0.094426
0.107167
0.119729
0.132114
0.144325
0.156364
0.168234
0.179936
0.191474
0.202850
0.214066
0.22512¢4
0.236026

BENZOIC ACID

Qgw = 1500
D = 15
d = 6
foc = 0.01
Kd = 0.65

0.2 MCL = 140000
1.9

Cs
(ug/kg)
5500000
5273617
4839486
4241898
3543502
2814239
2119224
1508625
1011857

637020
374819
205113
103802
48259
20450
7824
2671
802
208

45

gal/day
meters
meters

L/kg
ug/t

Cw

(ug/l)
0.0
119050.9
226695.4
309860.3
359595.4
372865.7
352878.3
307863.4
248732.1
186383.5
129476.4
83224.4
49342.2
26866.3
13359.3
6024.0
2641.7
879.8
277.8
75.5

0.00
44644.10
85010.76

116197.60
134848.27
139824.62
132329.37
115448.79
93274.55
69893.81
48553.64
31209.17
18503.33
10074.86
5009.75
2259.01
915.63
329.91
104.18
28.30



TABLE F.17

ESTIMATED SUBSURFACE SOIL REMEDIATION LEVEL
MEDLEY FARM SITE
COMPOUND - 1,4-DICHLOROBENZENE

p = 900 gal/day Qgw = 1500 gal/day
I = 0.305 m/yr b = 15 meters
Koc = 1700 d = 6 meters
R = 162.5 foc = 0.01
7T = 0.000625 Kd = 17 t/kg
Vol. moist. content = 0.2 MCL = 75 ug/l
Bulk density = 1.9
Time Cs Cw Cow
(years) C/Co (ug/kg) (ug/L) (ug/Ll)
0 0 150000 0.0 0.00
5 0.003123 148820 27.6 10.33
10 0.006236 146478 54.6 20.47
15 0.009340 143020 80.5 30.18
20 0.012434 138518 104.6 39.23
25 0.015519 133068 126.5 47.42
30 0.0185%94 126785 145.5 54.58
35 0.021659 119802 161.5 60.58
40 0.024715 112260 174.2 65.31
45 0.027761 104310 183.3 68.75
50 0.030797 96102 189.0 70.86
55 0.033824 87783 191.2 7.7
60 0.036842 79494 190.2 71.34
65 0.039850 71362 186.3 69.88
70 0.042849 63501 179.9 67.45
4] 0.045839 56005 17.2 64.21
80 0.048819 48954 160.8 60.31
85 0.051790 42405 149.1 55.93
90 0.054751 36399 136.6 51.22
95 0.057704 30957 123.6 46.33
100 0.060647 24085 110.4 41.41
105 0.063581 21775 97.6 36.58
110 0.066505 18005 85.2 31.94
115 0.069421 14746 73.5 27.57
120 0.072327 11961 62.7 23.53

125 0.075225 9608 52.9 19.85




TABLE F.18

ESTIMATED SUBSURFACE SOIL REMEDIATION LEVEL
MEDLEY FARM SITE
COMPOUND - DIETHYLPHTHALATE

Qp = 900 gal/day Qgw = 1500 gal/day
I = 0.305 m/yr D = 15 meters

Koc = 142 d = 6 meters

R = 14.49 foc = 0.01

1/7 = 0.007016 Kd = 1.42 L/kg

Vol. moist. content = 0.2 MCL = 28000 ug/l

Bulk density = 1.9

Time Cs Cw Cgw

(years) c/Co (ug/kg) (ug/L) (ug/L)
0 0 3300000 0.0 0.00
1 0.006991 3237824 16248.5 6093.19
2 0.013934 3115816 31773.2 11914.97
3 0.020829 2939700 45703.8 17138.92
4 0.027675 2718151 57293.4 21485.03
5 0.034473 2462086 65988.7 24745.77
6 0.041224 2183755 714771 26803.91
7 0.047927 1895744 73705.9 27639.72
8 0.054584 1610001 72871.9 27326.96
9 0.061194 1336993 69382.6 26018.47
10 0.067758 1085088 63797.6 23924.10
" 0.074276 860201 56758.1 21284.30
12 0.080748 665716 48915.7 18343.40
13 0.087176 502659 40869.4 15326.01
14 0.093558 370070 33118.3 12419.35
15 0.099896 265482 26034.1 9762.81
16 0.106189 185450 19853.1 7444 .90
17 0.112438 126051 14684.3 5506.63
18 0.118644 83302 10531.8 3949 44
19 0.124806 53481 7321.6 2745.59




TABLE F.19

ESTIMATED SUBSURFACE SOIL REMEDIATION LEVEL
MEDLEY FARM SITE
COMPOUND - BIS(2-ETHYLHEXYL)PHTHALATE

Qp = 900 gal/day
I = 0.305 m/yr

Koc = 10000

R = 951
11 = 0.000106

Vol. moist. content =

Bulk density =
Time
(years) C/Co
0 0
10 0.001068
20 0.002135
30 0.003202
40 0.004267
50 0.005330
60 0.006393
70 0.007455
80 0.008515
90 0.009575
100 0.010633
110 0.011690
120 0.012746
130 0.013801
140 0.014855
150 0.015907
160 0.016959
170 0.018009
180 0.019058
190 0.020107
200 0.021154
210 0.022199
220 0.023244
230 0.024288
240 0.025330
250 0.026372
260 0.027412
270 0.028451
280 0.029489
290 0.030526
300 0.031562

Qgw =
D =
d =
foc =
Kd =
0.2 MCL =
1.9

Cs
(ug/kg)

1500 gal/day
15 meters
6 meters
0.01
100 L/kg
4 ug/t

Cw
(ug/t)

0.9
1.8
2.7
3.5
4.4
5.2
5.9
6.6
7.3
7.9
8.5
9.0
9.4
9.8
10.1
10.3
10.5
10.6
10.6
10.6
10.5
10.4
10.2
10.0
9.7
9.5
9.1
8.8
8.4
8.0

Cgw
(ug/L)



TABLE F.20

ESTIMATED SUBSURFACE SOIL REMEDIATION LEVEL
MEDLEY FARM SITE
COMPOUND - PHENOL

Qp = 900 gal/day Qgw = 1500 gal/day
1 = 0.305 m/yr D = 15 meters
Koc = 14.2 d = 6 meters
R = 2.349 foc = 0.01
1T = 0.043280 Kd = 0.142 l/kg
Vol. moist. content = 0.2 MCL = 21000 ug/l
Bulk density = 1.9
Time Cs Cw Cgw
(years) €/Co (ug/kg) (ug/l) (ug/l)
0 0 250000 0.0 0.00
0.25 0.010761 238224 18947.0 7105.11
0.5 0.021407 215782 35914.7 13468.02
0.75 0.031939 185290 48534.9 18200.60
1 0.042357 150380 55270.8 20726.55
1.25 0.052663 114963 55771.4 20914.26
1.5 0.062858 82473 50890.4 19083.90
1.75 0.072944 55280 42365.4 15887.04
2 0.082920 34449 32280.7 12105.25
2.25 0.092790 19845 22510.9 8441.60
2.5 0.102553 10498 14332.4 5374.67
2.75 0.112211 5058 8295.5 3110.80

3 0.121766 . 2199 4337.7 1626.63




TABLE F.21

ESTIMATED SUBSURFACE SOIL REMEDIATION LEVEL
MEDLEY FARM SITE
COMPOUND - 1,2,4-TRICHLOROBENZENE

Qp = 900 gal/day
I = 0.305 m/yr
Koc = 9200
R = 875
11 = 0.000116
Vol. moist. content =
Bulk density =
Time
(years) C/Co
0 0
10 0.001161
20 0.002321
30 0.003479
40 0.004636
50 0.005792
60 0.006947
70 0.008100
80 0.009252
90 0.010402
100 0.011551
110 0.012699
120 0.013846
130 0.014991
140 0.016135
150 0.017277
160 0.018418
170 0.019558
180 0.020697
190 0.021834
200 0.022970
210 0.024104
220 0.025237
230 0.026369
240 0.027500
250 0.028629
260 0.029757
270 0.030884
280 0.032009
290 0.033133
300 0.034256

agw =

D =

d

foc =

Kd =

0.2 MCL =
1.9

Cs
(ug/kg)
160000
159535
158607
157223
155394
153135
150463
147400
143971
140203
136125
131771
127172
122365
117383
112262
107039
101747
96421
91094
85795
80556
75402
70359
65448
60690
56101
51696
47487
43482
39688

1500 gal/day
15 meters
6 meters
0.01
92 t/kg
9 ug/L

9.8
11.6
13.2
14.8
16.3

17.6

18.8
19.8
20.7
21.5
22.0
22.5
22.8
22.9
22.9
22.
22.
22.
21.
21.
20.
19.
18.
18.
17.

~

-0 00 MO0 08 =\

Cow
Cug/L)




TABLE F.22

ESTIMATED SUBSURFACE SOIL REMEDIATION LEVEL
MEDLEY FARM SITE
COMPOUND - PCBs

Qp = 900 gal/day Qgw = 1500 gal/day
1 = 0.305 m/yr D = 15 meters
Koc = 530000 d = 6 meters
R = 50351 foc = 0.01
71 = 0.000002 Kd = 5300 Ll/kg
Vel. moist. content = 0.2 MCL = 0.5 ug/l
Bulk density = 1.9
Time Cs Cw Cgw
(years) C/Co (ug/kg) (ug/l) (ug/l)
0 0 400000 0.0 0.00
1000 0.002017 397981 0.2 0.06
2000 0.004030 393963 0.3 0.1
3000 0.006039 387997 0.4 0.17
4000 0.008044 380162 0.6 0.22
5000 0.010045 370567 0.7 0.27
6000 0.012041 359343 0.8 0.32
7000 0.014034 346645 1.0 0.36
8000 0.016023 332647 1.0 0.39
9000 0.018008 317534 - 1.1 0.42
10000 0.019989 301505 1.2 0.45
11000 0.021965 284763 1.2 ©0.47
12000 0.023938 267513 1.3 0.48
13000 0.025907 249958 1.3 0.49
14000 0.027872 232293 1.3 0.49
15000 0.029833 214703 1.3 0.49
16000 0.031790 197362 1.3 0.48
17000 0.033743 180425 1.3 0.47
18000 0.035692 164031 1.2 0.46
19000 0.037637 148299 1.2 0.44
20000 0.039578 133327 1.1 0.42
21000 0.041515 119193 1.0 0.39
22000 0.043449 105956 1.0 0.37
23000 0.045378 93654 0.9 0.34
24000 0.047304 82308 0.8 0.31
25000 0.049226 71920 0.8 0.29
26000 0.051143 62481 0.7 0.26
27000 0.053057 53965 0.6 0.23
28000 0.054967 46337 0.6 0.21
29000 0.056874 39554 0.5 0.19

30000 0.058776 33564 0.4 0.16




APPENDIX G
AIR IMPACTS ANALYSIS
MEDLEY FARM SITE



AIR STRIPPER EMISSIONS CALCULATIONS REGULATORY REQUIREMENTS

The total volatile organic compound (VOC) emissions from the groundwater air stripper
are estimated to be a maximum of 77 pounds per month (Table 4.6). The estimated levels
represent the maximum emissions that could occur, with the emission rate steadily declining
from startup until the cleanup is completed. Five of the Site VOCs are considered air
toxics by South Carolina: 1,2-dichloroethane; trichloroethene; tetrachioroethene; methylene
chloride; and chloroform. The maximum air toxics emissions for these compounds would

be approximately 15 pounds per month.

The emissions rates given in Table 4.6 are based on the highest ground water
concentrations observed anywhere at the Site. Actual ground water extraction would occur
across a distributed front and influent concentrations would be significantly lower than‘
maximum individual values. Actual VOC emission rates from an air stripper would also be

significantly less. Maximum values are used here to provide a conservative estimate of

potential ambient air concentrations.

South Carolina Air Pollution Control Regulation No. 62.1, Section Il, F.2.g. states that
“Sources with an uncontrolled particulate matter emission rate of less than 1 pound per
hour and/or uncontrolled VOC emission rate of less than 1000 pounds per month may not
require permits. However, source information needs to be submitted to the Department and
a determination on the need for permits will be made." Additionally, South Carolina
Department of Health and Environmental Control (DHEC) policy on toxic air pollutants
requires sources to submit data on toxic air emissions regardless of emission rate. The
toxic air emissions data will be used in an air dispersion model to estimate ambient air
concentration of the toxic compounds at the property boundary and determine if the
emissions are acceptable. The air emissions information is typically submitted using
completed air permit application formé attached to a cover letter requesting a determination

concerning the need for an air permit and the acceptability of the toxic air emissions. To

G-1




expedite the determination, the air toxics modeling and analysis can be performed by the

source and attached to the permit application package.

The estimated ambient air concentrations at the Medley property line from operation of an
air stripper at the Site are presented in Table F.1. A review of the emission estimates
indicates that only one toxic air pollutant, 1,2-dichloroethane (1,2-DCA) requires evaluation.
Trichloroethene, tetrachioroethene, methylene chioride, and chioroform will be emitted from
the air stripper in concentrations well below the acceptable ambient limits. 1,2-DCA will be
emitted from the stripper at a concentration of 1550 micrograms per cubic meter and the
acceptable ambient limit is 200 micrograms per cubic meter. A screening evaluation of the
1,2-DCA emissions was conducted using the SCREEN air model to evaluate the ambient
impacts. Other air toxics impacts were calculated based on the results of the 1,2-DCA
modeling. The terrain was judged to be simple because the stripper emissions release
height would be above the surrounding terrain. Additionally, downwash analysis was not
necessary because there are no buildings in proximity to the proposed stripper site. The
model indicate that the maximum ambient concentration that will result is 0.66
micrograms/cubic meter for a 1-hr average at 120 meters from the air stripper (the
approximate distance to the property line). This translates to an approximate 24-hr
concentration of 0.26 micrograms/cubic meter which is well below the acceptable ambient
limit of 200 micrograms/cubic meter. Therefore, air toxics emissions would not pose a

significant risk to human health and emissions control would not be required.
SCREENING AIR DISPERSION MODELING

The purpose of this summary is to provide a brief explanation of the dispersion modeling
performed to screen the impact of potential toxic air pollutants at the Medley Farm Site.
Screening dispersion modeling was carried out to estimate worst-case potential ground-
level concentrations at the facility property lines for 1,2-dichloroethane (1,2-DCA) which

would be emitted from the air stripping operations.




TABLE G.1

ESTIMATED AMBIENT AIR CONCENTRATION
MEDLEY FARM SITE

NOTES:
1. MODELED AMBIENT CONCENTRATIONS ARE BASED ON MAXIMUM INDIVIDUAL GROUND WATER CONCENTRATIONS AND THE MAXIMUM PROJECTED EXTRACTION FLOW RATE. ACTUAL AMBIENT
CONCENTRATIONS WOULD BE SIGNIFICANTLY LOWER
2 MODELED CONCENTRATIONS ARE MAXIMUM GROUND LEVEL CONCENTRATIONS AT 120 METERS, THE APPROXMATE DISTANCE TO THE CLOSEST PROPERTY LINE.
3. 24-HOUR CONCENTRATIONS ARE CALCULATED BY USING A FACTOR OF 0.4 TIMES THE MODELED 1-HOUR CONCENTRATION.




The ability to predict ambient concentrations of pollutants being discharged from industrial
processes is based on the accuracy of the mathematical models that have been developed
to simulate the transport and dispersion of pollutants in the atmosphere. The atmospheric
dispersion of emissions from vents and stacks depends on many factors including the
physical and chemical nature of the emissions, the meteorological characteristics of the
environment, the location of the stack in relation to obstructions to air motion, and the
nature of the terrain downwind from the stack. Many different classes of mathematical
models (such as Gaussian, puff, numerical, statistical, etc.) are available to be used for a
variety of specific applications. For the traditional Gaussian-based air dispersion models
developed and recommended for use by the U.S. EPA (i.e., the "UNAMAP" series of
models), two levels of sophistication are recommended in EPA guidelines. The first level,
referred to as screening modeling, consists of general, relatively simple estimation
techniques that provide conservative estimates of the air quality impact of a specific source.
Usually, the screening level can provide estimates of maximum ground-level concentrations
under worst-case conditions and how far downwind these maximum concentrations are
likely to occur. Screening modeling may also be used to predict the maximum potential
ground-level concentrations at specific receptors such as property lines. User manuals and
guidelines are available from the U.S. EPA for the specific Gaussian-based models and the
general methodology recommended for air dispersion modeling studies. ("Guideline of Air
Quality Models (Revised)", July, 1986, NTIS No. PB86-245248; Supplement A, July, 1987,
EPA-450/2-78-027R).

The air dispersion model used in this screening impact analysis is the EPA SCREEN model.
The SCREEN model is currently proposed by the EPA as an air toxics séreening model for
evaluating the air quality impact of new stationary sources. The State of South Carolina
generally accepts the SCREEN model for screening analysis in the preliminary evaluations

of air toxic impacts related to new projects.

G-4




The SCREEN model is a Gaussian-based mathematical model adapted from the UNAMAP
PTPLU model for use interactively on a PC. The current version 1.1 has been modified to
include a cavity analysis and the latest Schulman-Scire and Huber-Snyder downwash

algorithms.

In using the SCREEN model, a set of meteorological data is already available as a model
option to represent worst case combinations of atmospheric stability and wind speed. An
ambient temperature of 293 K and a mixing height of 5,000 meters were used in the

modeling. This option is referred to as the "Full Meteorology" option.

In addition to the meteorological data, source emissions and exhaust data must be input
to the model. These data include the specific exhaust characteristics such as volumetric
flow rate, velocity, diameter, height, and temperature, but it also includes the dimensions
of adjacent buildings in order for the model to account for plume downwash effects. Plume
downwash as a result of wake effects is described further in “Industrial Source Complex
(ISC) Dispersion Model Users Guide - Second Edition, Volume ', EPA-0450/4-88-002a,
December 1987.

Receptors can be input to the SCREEN model at specific receptor locations, or they can
be located in an fashion by the model. For this source, an automated distance array was
chosen. In each case, the minimum receptor distance was the minimum distance to the

property line as estimated by plant personnel.

Finally, other model parameters are selected to reflect the nature of the source setting (i.e.,
the dispersion characteristics of the atmosphere) and the desired averaging period. In this
case, the rural setting was chosen for the facility. For screening modeling, an averaging
period of one hour is used. A correction factor of 0.4 was used to convert the one-hour
results to 24-hour impacts. The 24-hour impact was then compared to the South Carolina
guidelines for 1,2-DCA.



The stack height exceeds the highest terrain in proximity to the proposed stripper site and

therefore simple terrain characteristics were assumed.



01-04-91

07:44:38
*%% SCREEN-1.1 MODEL RUN *#%
*%% VERSION DATED 88300 **%*
.£EDLEY FARMS 1/2/91--1,2 DCA
SIMPLE TERRAIN INPUTS:
SOURCE TYPE = POINT
EMISSION RATE (G/S) = .7440E-03
STACK HEIGHT (M) = 8.60
STK INSIDE DIAM (M) = .46
STK EXIT VELOCITY (M/S)= 2.90
STK GAS EXIT TEMP (K) =  283.00
AMBIENT AIR TEMP (K) = 293.00
RECEPTOR HEIGHT (M) = .00
IOPT (1=URB,2=RUR) = 2
BUILDING HEIGHT (M) = .00
MIN HORIZ BLDG DIM (M) = .00
MAX HORIZ BLDG DIM (M) = .00
TA > TS!!! BUOY. FLUX SET = 0.0
BUOY. FLUX = .00 M**4/S**3; MOM. FLUX = .46 M**4/S*%2,
*%%* FULL METEOROLOGY *#*%
khkkkkkkkhkkhkkkhkkhkkkhkkkhkkkkkkdhkkkikkik
**%* SCREEN AUTOMATED DISTANCES #*%*
dhkhkkkkkkkkkhkkkkkhkkhkkkhkhkkkhkhkkkkkkk
*%%* TERRAIN HEIGHT OF 0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES #%#*
DIST CONC Ul0M USTK MIX HT PLUME SIGMA SIGMA
(M) (UG/M**3)  STAB (M/S) (M/S) (M) HT (M) Y (M) Z (M) DWASH
50. .5112 1 1.0 1.0 320.0 12.6 14.4 7.3 NO
100. .6193 3 1.0 1.0 320.0 12.6 12.5 7.5 NO
200. .6011 4 1.0 1.0 320.0 12.6 15.6 8.6 NO
300. .5761 5 1.0 1.0 5000.0 12.5 16.9 8.8 NO
400. .5288 6 1.0 1.0 5000.0 12.2 14.7 7.1 NO
500. .5536 6 1.0 1.0 5000.0 12.2 18.0 8.5 NO
600. .5243 6 1.0 1.0 5000.0 12.2 21.3 9.8 NO
700. .4768 6 1.0 1.0 5000.0 12.2 24.5 11.0 NO
800. .4268 6 1.0 1.0 5000.0 12.2 27.7 12.0 NO
900. .3816 6 1.0 1.0 5000.0 12.2 30.8 13.0 NO
1000. .3420 6 1.0 1.0 5000.0 12.2 33.9 14.0 NO
MAXIMUM 1-HR CONCENTRATION AT OR BEYOND 50. M:
120. .6576 3 1.0 1.0 320.0 12.6 14.9 8.9 NO

DWASH= MEANS NO CALC MADE (CONC = 0.0)
DWASH=NO MEANS NO BUILDING DOWNWASH USED
DWASH=HS MEANS HUBER-SNYDER DOWNWASH USED
DWASH=SS MEANS SCHULMAN-SCIRE DOWNWASH USED
DJWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3*LB

Fhkkdkhhkhkkhkhhkhkhhkhkhhhkhkhhhrhkhhkhhhdkrhhkhhkhkhkhkhkhkd

* SUMMARY OF TERRAIN HEIGHTS ENTERED FOR *
* SIMPLE ELEVATED TERRAIN PROCEDURE *




khkkhkhkkhkhkkhkhkhkhkhkkhkhkkhkhkhkhkhkhkkkhkhkhkkhhkhkhkkkhkkkkkkk

TERRAIN DISTANCE RANGE (M)
HT (M) MINIMUM MAXIMUM
0. 50. 1000.

dkkkkhkkkhkdkhkhhkhkhkkkkhkkhkkhkkhkkhkkkhkhkkkkkdkkkk

*%* SUMMARY OF SCREEN MODEL RESULTS *%*
hkkhhhkhhkkhhhhhhhhhhhkhhhrhhhhkhhhhrhhhhk

CALCULATION MAX CONC DIST TO TERRAIN
PROCEDURE (UG/M**3) MAX (M) HT (M)
SIMPLE TERRAIN .6576 120. 0.

khkhkkkkkhkhhkhkhkhkkhhhhkkkkhkhkhkhkhkhhkkhkkkhhkhkhkhkhkhkkhkkhkhkkhkkkk

** REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS **
kkkkkkkhhkhhhhhhhhhhhhkkhhhhkkhhhkhkhhhhhkhhkkdhhkrhhkdhhk




APPENDIX H
COST ESTIMATES

MEDLEY FARM SITE

H-1: Preliminary Cost Estimates (Section 6)

H-2: Detailed Cost Estimates (Section 7)




APPENDIX H.1

PRELIMINARY COST ESTIMATES
(SECTION 6)



REVISED SCREENING-LEVEL COST ESTIMATES
MEDLEY FARM SITE DRAFT FEASIBILITY STUDY
SECTION 6

INTRODUCTION

Upon further inspection, the screening-level cost estimates given in Section 6 of the draft
Feasibility Study (Sirrine, December 1990) for groundwater control alternatives GWC-2 and
GWC-3 are excessive. The given costs were based on preliminary estimates of
groundwater extraction rates developed following Phase | of the Remedial Investigation. The
extraction rates were reduced considerably with the improved understanding of Site
hydrogeology following completion of the Phase Il Rl. The extraction rates are compared
below:

Estimated Groundwater Extraction Rates (gpm)

Alternative Phase [ (7/90) Phase Il (12/90)
GWC-2 170 30
GWC-3 50 15

The lower extraction rates are more accurate and were used to develop the detailed cost
estimates presented in the draft FS (Section 7 and Appendix G). The screening level cost
estimates have been revised to reflect the lower extraction rates and are presented below.
The revised screening-level costs will be presented in Table 6.2 of the final FS.

COST BASIS

Costs for groundwater extraction, air stripping and carbon adsorption were generated using
the Cost of Remedial Actions (CORA) software, version 3.0 (EPA, 1990). The CORA costs
for activated carbon replacement were adjusted to better refiect industry rates. The CORA
cost of $1.50/Ib is for virgin carbon only. The transportation and incineration (Site volumes
would be too low for regeneration) costs necessary for disposal of spent carbon make the
overall carbon costs approximately $8.00/Ib.

The CORA software cannot currently generate costs for chemical oxidation (UV/ozone)
treatment of groundwater. These costs were developed from the detailed cost estimates
for a 50 gpm system (Remedial Action Plan Assessment, West Michigan Avenue Site (Draft
Final), Sirrine, May 1990) based on a quote from Ultrox International.

Total present worth costs, equal to construction costs plus long-term operations and
maintenance (O&M) costs, for the Alternative GWC-2 and GWC-3 options are presented in
Table 1. The CORA output for Alternatives GWC-2A, 2B, 3A, and 3B and the backup for
the Alternative GWC-2C and 3C cost estimates are attached. Present worth O&M costs are
based on a discount rate of 5 percent and 30 years of operation, as was done in the FS.




TABLE 1
SCREENING-LEVEL COST ESTIMATES
MEDLEY FARM SITE DRAFT FEASIBILITY STUDY
SECTION 6

CONSTRUCTION ANNUAL O&M TOTAL PRESENT

ALTERNATIVE DESCRIPTION COSTS COSTS WORTH COSTS
GWC-2A Air strip, 30 gpm $240,000 $88,000 $1,600,000
GwWC-2B Carbon, 30 gpm $310,000 $140,000 $2,500,000
GWC-2C UV/ozone, 30 gpm $480,000 $130,000 $2,500,000
GWC-3A Air strip, 15 gpm $200,000 $70,000 $1,300,000
GwWC-3B .Carbon, 15 gpm $270,000 $104,000 $1,900,000

GWC-3C UV/ozone, 15 gpm $340,000 $96,000 $1,800,000



ALTERNATIVE GWC-2C
MCLs ACROSS SITE (30 GPM)

CONSTRUCTION COSTS

Construction costs include the power connection, groundwater extraction system, and the
UV/ozone treatment system. The power connection and extraction system costs are the
same as for alternatives GWC-2A and 2B and were estimated using CORA.

. Power Connection = $18,000

. Groundwater Extraction: $160,000

. UV/Ozone Treatment system: $300,000 (below)

Construction costs for a 50 gpm system would be $401,000 (Sirrine, 1990). Costs for a 30
gpm system can be approximated using a flow-proportioned power factor of 0.6, as
commonly used for CPI processes.

Cost (30 gpm) = $401,000 (30/50)°¢ = $300,000

ANNUAL O&M

O&M cost elements include groundwater extraction and the UV/ozone treatment system.
Extraction costs are common with Alternatives GWC-2A and 2B and were estimated using
CORA.

. Groundwater extraction: $59,000

. UV/ozone system: $71,000 (below)

item Description Annual O&M Cost
Energy, chemical $2.00/1000 gallons $32,000
Labor 20 hours/month $12,000
Maintenance 5% of construction $15,000
Contingency 20% of annual O&M $12,000
Total $71,000

Present worth factor (30 years, 5%) = 15.372



SUMMARY
Total construction costs: $480,000

Total annual O&M costs: $130,000
PWF = 15.372

Present worth O&M costs: $2,000,000

Total present worth costs: $2,500,000



ALTERNATIVE GWC-3C
MCLs at Property Line (15 gpm)

Costs are calculated as for Alternative GWC-2C.

CONSTRUCTION COSTS

. Power Connection: $18,000
. Groundwater Extraction: $120,000
. UV/Ozone Treatment System: $200,000

ANNUAL O&M

. Groundwater Extraction: $41,000
. UV/Ozone Treatment System: $55,000
Energy/chemical - $24,000

Labor - $12,000

Maintenance - $10,000

Contingency - $9,000
SUMMARY

Total construction costs; $340,000

Total annual O&M costs: $96,000
PWF = 15,372

Present worth O&M costs: $1,500,000

Total present worth costs: $1,800,000

Reference

Sirrine, Remedial Action Plan Assessment (Draft Final), West Michigan Avenue Site, March
1990.




APPENDIX H.2

DETAILED COST ESTIMATES
(SECTION 7)




#¥¥#%x VERSION 2.0 DRAFT *ixx+ DATE: 01/21/9:%
TIME: 02:23:3%
CORA GROUNDWATER EXTRACTION COST MODULE (ZCED
SITE NaAME: MEDLEY FARM SITE
OPERABLE UNIT: ENTIRE SITE ESTIMATED START: EARLY FY 1392
SCENARIO: MODULES COMMON TC ALL SCENARICS
RUN RY:. Md. Akram Hossain PHONE NUMEBER: 803 =234 2284
INPUTS RESULTS
Parameter Value Component iota
Numbear ot wells known? Y CAarITAL COST 10, 000
Number of wells 10 g = ™M COSTE 93, 000
Pumping rate per well (GPM) 2.0
Well diameter (inches) &
-Will wells be gravel packed? Y BYPRODUCTS FOR TRAMEPORT/DISPOSAL:
Average well depth (%) =
Transfer piping lemgth ©f4) tCY2 =3
Pumping water level/s/well (ft: R=1.233
Average temp Ldegreec F
lonfidence level
Protection aoove grade

Protection during drilling

NOTES:

| o R T S
Extvractian
s

tive GWC-Z

Gri
Alternma

-1 - A -
_i'_-.ﬂdﬁc‘ cET




REIGN .0 DRAFT %%k DATE: 01/21
TIME: 09:27

COR4A SITE PREPARATION CRET MODULE

SITE NAME: MEDLEY FARM SITE
OPERARLE UNIT: ENTIRE SITE ESTIMATED START: EARLY FY 1332
RUN EBY: Md. Akram Hassain PHONE NUMEBER: 803 234 2284
INPUTS ' RESULTS
Prot.
Parameter Value Level Component
Site clearing (acres) Q.0 SITE CLEARING
Tree remaval (acres) 0.0 TREE REMOVAL
Dust control area facres) 0.0 DUST CONTROL
Local wutil. connmect. Y POWER CONNECTION
Distance to power ph.(fi) 1000 GAS CONNECTION
&= cuonn. reg'd M WATER CONNECTION
Distance to ga= conn. (L3 0 ACCESS RGAD
V' +*er conn. reg’d N TEMPORARY STORAGE
tance to woty (T2 0 BLDG DEMOLITION
Water flow (GPMJ 0 FLOW EQUAL.&INVENTORY

Accesz vd - Tt veq’'d 0
Acess voad widih (ft) 0 CAFITAL COSTS
)

-£
f
Bldag. demclitica CY. 0 M O (FLOW INV.D
Y

/31

1 08

O
18, 00
O
8]

O




*e¥ek VERSION 2.0 DRAFT *x%#¥ DATE: 01721791
TIME: 09:29:335
CORA GROUNDWATER EXTRACTION COST MODULE (ZO6&2
SITE NAME: MEDLEY FARM SITE
OPERAERLE UNIT: ENTIRE SITE ESTIMATED START: EARLY FY 1932
SCENARIQO: MODULES COMMON TO ALL SCENARIOS
RUN RY: Md. Akram Hassain PHONE NUMEER: 803 234 2284
INPUTS RESULTS
Parameter Value Component Total

Number <of welle known? Y CAFITAL CO57 160, OGO
Number of wells 10 C % M COSTS o9, 000
Pumping rate per well (GPM) 2.0
Well dia meter (inches:? €
Will wells be gravel packed? Y EYPRODUCTS FOR TRANSPORT/DISFOSAL:
verage weall depth (ft) S0

wranstey piping 1EﬁQ\u ! p] 2500 WELL CUTTINGS (CY? =2z
Pumping water level/well (ft: 20 (SWELL FACTOR=1.ZED
Average temp ldegrees F? LA
Confidernce ievel L

Protection zbove grade D

Froctection Quring drilling D




FEEEN VERSION 3.0 DRAFT ##x## DATE:

TIME:

CORA AIR STRIPPING COST MODULE (3072

01/,21/491

03:321:52

S5ITE NAME: MEDLEY FARM SITE

OPERAELE UNIT: ENTIRE SITE ESTIMATED START: EARLY FY 1332
SCENARIO: MODULES COMMON TO ALL SCENARIGS

RUN RY: Md. Akram Hossain PHONE NUMEBER: 803 Z34 2284

INPUTS

Flow (GPM) 20
Are recavery well contaminant
concentrations known® Y
Discharge: POTW or Surface Wtr S
Praotection level D
Average temp (degreec F) €0
Confidence level L

CONTAMINANT N&ME
TRICHLONOETHAN
ICHLOROETHYLENE

§ ety e
LOROETHYLENE

il

L40|]h
v 1N

X r

TEYLEME

RESULTS

CAPITAL COST
0O ¥ M COSTS

FLOW DISCHARGED (GPM)
AIR STRIPPING TOWERS
FEET OF PACKING
TOWER DIAMETER (FT3
POWER REGUIRED (kW3

61, 000
29,000

30

o
o

P R ()

VAPCR PHASE CAREBOM MODULE
"SHOULD EE RUN
LOADING C(LES/DAYJ
GAS FLOW (CFM2

(UG/L)
EFFLUENT

7. 00
5. 00

PR - -
I, 0

S5O0y, OO




*¥%x%x%% VERSION 3.0 DRAFT ¥¥%xx% DATE: Q17217391
TIME: Q3:35: 03

CORA GRANULAR ACTIVATED CAREON COST MODULE (303)

SITE NAME: MEDLEY FARM SITE
OPERARLE UNIT: EMTIRE SITE ESTIMATED STAR
SCENARIO: MODULES COMMON TG At CEMNA

RUN BY: Md. Akram Hosssin PH NUMBER: 203 234 2284

Flow (GPMD CAPITAL COBT

Chiloce., vaolatile arg 7 & M COETE

Total ovrganic cavbon o

Protection level C USED (LEB/YEAR 5,221
Average temp .dzgvsss T .

Cornfidence leve i




#¥¥xx VERSION 3.0 DRAFT #¥¥xx DATE: C
CORA SITE PREPARATION COST MODULE

SITE NAME: MEDLEY FARM SITE

OPERAEBLE UNIT: ENTIRE SITE ESTIMATED START: EARLY FY 1933%
RUN RY: Md. Akram Hoassain PHONE NUMBER: 803 =24 X84
INPUTS RESULTE
Prat.
Parameter Value Level Compaonent Tatal

Site clearing (acres? 0.0 SITE CLEARING 7
Tree removal (acres? 0.0 TREE REMOVAL o
Dust control area (acres? a. 0 DUST CONTROL o
Local util. connect. Y POWER CONNECTION 1&, 0o

stance to power pt. (Tt 1000 GAS CONNECTION 0O
4 conn. req'd N WATER CONNECTION .
Distance to gas conn. (i) 0 ACCESS ROAD 0
Jater comn. reg'd I TEMPORARY STORAGE g
Distan ] BELDG DEMCOLITICHN %
Wate o FLOW EQUAL.SINVENTCEY g
AL IEes o T T e e
SCESE X + iy CARPITAL COSTE 13, 00l
BEidg. i i o Q& CFLOW INV.D »
Storec mat &l o
Aveyage temp. i{deg. F &0
ftevel of confidernce L




#¥%x%x% VERSION 3.0 DRAFT #*¥%xx

Q1/21/91
0:" ’36.’1":

DATE:
TIME:

CORA GROUNDWATER EXTRACTION COST MODULE (ZO0ED

SITE NAME: MELLEY FARM SITE

OPERABLE UNIT

ENTIRE SITE ESTIMATED START: EARLY FY 1322

SCENARID: MODULES COMMON TO ALL SCEMARIOS

RUMN BY: Mid. éAkram Hoscsain

INPUTS
Paramster Value
Numbey of wells known? Y
Numbey of wells 7
g rate per well (SPMD e
=R a &
by Y
1 30
e {slsls
. e
&
L
-

It

PHONE NUMEER: 8032 Z3Z4 ZkE4

REGULTE
Cunpr.npnt Tatal
CAPITAL COST 120,000
G & M COS7E G1, 000




#ekx¥ VERZION Z.0 DRAFT exix#

CORA AIR STRIPPING

SITE NAME:
OPERAEBLE UNIT:

MEDLEY FARM SITE
ENTIRE SITE

SCENARIO:
RUN EY: Md. Akram Hassain
INPUTS
Parameter Value
Flaw (GPM) 20
Are recaovery well contaminant
concentrations known? Y
Discharge: POTW or Surface Wtr S
Pratection level D
Average temp (degrees F €0
Confidence level L

e [ -

-
o ome
I
rri

ESTIMATED START: EA&ARLY FY 1323Z

01/21/391
TIME: O3:37 4

COST MODULE (Z0D7)

MODULES COMMON TO ALL SCENARIOS

PHONE NUMEER: 8032 234 ZzB4
RESULTS
Component Total
CAPITAL COST 58, 000
0 % M COSTS 23,000
FLOW DISCHARGEL (GPM) =0
AIR STRIPPING TOWERS
FEET OF PACKING 2z
TOWER DIAMETER (FTO 1
POWER REQUIRED (kKW 1
YA4POR PHASE CAREONW MCDULE
1S NQT IMNDICATED
LOADING (LERS/DAY) ped
GAS FLOW (CFM: 20l

INFLUENT




*xxx¥%# VERSION 3.0 DRAFT *x¥#x DATE: 01/21/91
TIME: 09:38:43

CORA GRANULAR ACTIVATED CAREON COST MODULE (309D

SITE NAME: MEDLEY FARM SITE
OPERAEBLE UNIT: ENTIRE SITE ESTIMATELD START: EARLY FY 13932
SCENARIO: MQDULES CamMMinN TO ALL EZCENARIOS
RUN BY: Md. Akram Hossain PHONE NUMBER: 802 234 ZZe4
INPUTS RESULTS
Parameter Value
Flaow 20
Chlar = L2 7Oz
Total o=} ) 0
Protec =1 D CAREGSH USED LEAYEAR! 2,588
AvEVage degrees 500
Conti = L




ALTERNATIVE GWC-2C
MCLs ACROSS SITE (30 GPM)

CONSTRUCTION COSTS

Construction costs include the power connection, groundwater extraction system, and the
UV/ozone treatment system. The power connection and extraction system costs are the
same as for alternatives GWC-2A and 2B and were estimated using CORA.

. Power Connection = $18,000

. Groundwater Extraction: $160,000

. UV/Ozone Treatment system: $300,000 (below)

Construction costs for a 50 gpm system would be $401,000 (Sirrine, 1990). Costs for a 30
gpm system can be approximated using a flow-proportioned power factor of 0.6, as
commonly used for CPI processes.

Cost (30 gpm) = $401,000 (30/50)%6 = $300,000

ANNUAL O&M

O&M cost elements include groundwater extraction and the UV/ozone treatment system.
Extraction costs are common with Alternatives GWC-2A and 2B and were estimated using
CORA.

. Groundwater extraction: $59,000

. UV/ozone system: $71,000 (below)

tem Description Annual O&M Cost
Energy, chemical $2.00/1000 gallons $32,000
Labor 20 hours/month $12,000
Maintenance 5% of construction $15,000
Contingency 20% of annual O&M 12,000
Total $71,000

Present worth factor (30 years, 5%) = 15.372




SUMMARY
Total construction costs: $480,000

Total annual O&M costs: $130,000
PWF = 15.372

Present worth O&M costs: $2,000,000

Total present worth costs: $2,500,000




TABLE H.1
MEDLEY FARM SITE
GAFFNEY, SOUTH CAROLINA
ALTERNATIVE GWC-1A
NO ACTION (5-YEAR REVIEW OF REMEDY)

REMEDY REVIEW
EVERY § YEARS, $50,000 EACH

YEAR PWEF (5%])

5 0.7835
10 0.6139
15 0.4810
20 0.3769
25 0.2953
30 0.2314

2.7820

PRESENT WORTH COSTS




TABLE H.2
MEDLEY FARM SITE
GAFFNEY, SOUTH CAROLINA
ALTERNATIVE GWC-1B

NO ACTION (LONG-TERM MONITORING)

DESCRIPTION

CONSTRUCTION COSTS
SITE WORK
SAPROLITE WELLS (2)
BEDROCK WELLS (2)

SUBTOTAL -

MONITORING COSTS
LABOR
TRAVEL & PER DIEM
SUPPLIES & SHIPPING
ANALYSES
HEALTH & SAFETY
REPORTING

SUBTOTAL -

ANNUAL COSTS
MONITORING (TWICE A YEAR)

PRESENT WORTH O&M COSTS
(30 YRS @ 5% = 15.372 PWF)

FIVE-YEAR REVIEW OF REMEDY
(FROM TABLE G.1)

TOTAL PRESENT WORTH COSTS
(30 YRS @ 5%)

COST ($)

5,000
10,000
20,000
35,000

6,000
1,000
2,000
5,000
1,000
5,000
20,000

40,000

614,880

139,100



TABLE H.3
MEDLEY FARM SITE
GAFFNEY, SOUTH CAROLINA
ALTERNATIVE GWC-2A
GROUNDWATER EXTRACTION SYSTEM, 30 GPM

: UNIT
DESCRIPTION UNITS QUANTITY  PRICE ($) TOTAL ($)
CONSTRUCTION COSTS

EXTRACTION WELL CONSTRUCTION LF 1,000 120 120,000
WELL HEAD EQUIPMENT/CONTROLS EA 10 3,850 38,500
DISCHARGE PIPING; 1-INCH LF 2,500 16.33 15,825
DISCHARGE PIPING; 2-INCH LF 1,000 7.00 7,000
SEEDING LS 1 1,000 1,000
ELECTRICAL CONDUIT, WIRE, FIXTURES LS 1 80,000 80,000
MONITOR WELL CONSTRUCTION LF 450 100 45,000
DATA AQUISITION SYSTEM _ LS 1 95,000 95,000

SUBTOTAL - 402,325

FACTORED COSTS

HEALTH & SAFETY 1 % OF CONSTRUCTION COST 4,023
BONDS & INSURANCE 1 % OF CONSTRUCTION COST - 4,023
CONTINGENCY 10 % OF CONSTRUCTION COST 40,233
ENG/CONST. MANAGEMENT 15 % OF CONSTRUCTION COST 60,349

SUBTOTAL- 108,628
AIR STRIPPER COSTS (FROM TABLE G.3.1) 98,010
TOTAL CONSTRUCTION COSTS 608,963

OPERATION & MAINTENANCE

POWER HP 10 -— 6,600
EFFLUENT SAMPLING MOS 12 2,000 24,000
INSPECTION & REPAIR 5% OF TOTAL CONSTRUCTION COS 30,448
MONITORING WELL SAMPLING LS 1 20,000 20,000

TOTAL ANNUAL O&M COST 81,048
PRESENT WORTH FACTOR (30 YEARS, 5%) 15.372

PRESENT WORTH O&M COSTS 1,245,872

TOTAL PRESENT WORTH COSTS 1,854,835




TABLE H.3.1
MEDLEY FARM SITE
GAFFNEY, SOUTH CAROLINA

ALTERNATIVE GWC-2A AND GWC-3A

DESCRIPTION

EQUIPMENT
EQUALIZATION TANK

PUMPS

BAG FILTER

AIR STRIPPER
SAMPLING STATION

INSTALLATION
ELECTRICAL
PIPING
INSTRUMENTATION
STRUCTURAL

POWER CONNECTION

TOTAL INSTALLED COSTS

FACTORED COSTS

HEALTH &SAFETY
BONDS & INSURANCE
CONTINGENCY

ENG/CONST. MANAGEMENT

AIR STRIPPER

UNIT
UNITS QUANTITY PRICE ($)
EA 1 5,000
EA 2 1,000
EA 1 500
EA 1 25,000
EA ) 1 2,500

TOTAL EQUIPMENT COSTS -

10% OF EQUIPMENT COSTS

10% OF EQUIPMENT COSTS

15% OF EQUIPMENT COSTS

20% OF EQUIPMENT COSTS
SUBTOTAL -

LUMP SUM

1% OF INSTALLED COSTS
1% OF INSTALLED COSTS
15% OF INSTALLED COSTS
15% OF INSTALLED COSTS

FACTORED COSTS -

TOTAL PRESENT WORTH COSTS

TJOTAL ($)

5,000
2,000
500
25,000
2,500
35,000

3,500
3,500
5,250
7,000

19,250

20,000

74,250

743
743
11,138
11,138
23,760



TABLE H.4
MEDLEY FARM SITE

GAFFNEY, SOUTH CAROLINA
ALTERNATIVE GWC-3A
GROUNDWATER EXTRACTION SYSTEM, 15 GPM

700

2,000
1,000

450

DESCRIPTION UNITS QUANTITY
CONSTRUCTION COSTS
EXTRACTION WELL CONSTRUCTION LF
WELL HEAD EQUIPMENT/CONTROLS EA
DISCHARGE PIPING; 1-INCH LF
DISCHARGE PIPING; 2-INCH LF
SEEDING . LS
ELECTRICAL CONDUIT, WIRE, FIXTURES LS
MONITOR WELL CONSTRUCTION LF
DATA AQUISITION SYSTEM LS

FACTORED COSTS
HEALTH & SAFETY
BONDS & INSURANCE
CONTINGENCY
ENG/CONST. MANAGEMENT

AIR STRIPPER (FROM TABLE G.3.1)
TOTAL CONSTRUCTION COSTS

OPERATION & MAINTENANCE
EFFLUENT SAMPLING
INSPECTION & REPAIR
MONITORING WELL SAMPLING

UNIT
PRICE ($)

120
3,850
6.33
7.00
1,000
80,000
100
75,000

SUBTOTAL -

1 % OF CONSTRUCTION COST
1 % OF CONSTRUCTION COST
10 % OF CONSTRUCTION COST
15 % OF CONSTRUCTION COST

SUBTOTAL -
MOS 12 1,500
MOS 12 1,000
LS 1 20,000

TOTAL ANNUAL O&M COST

PRESENT WORTH FACTOR (30 YEARS, 5%) 15.372

PRESENT WORTH O&M COSTS

TOTAL PRESENT WORTH COSTS

TOTAL

84,000
26,950
12,660

7,000

1,000
80,000
45,000
75,000

331,610

3,316
3,316
33,161
49,742
89,535

98,010
519,155
18,000
12,000

20,000
50,000

768,600




TABLE H.5
MEDLEY FARM SITE
GAFFNEY, SOUTH CAROLINA
ALTERNATIVE SC-1
NO ACTION (5-YEAR REVIEW OF REMEDY)

REMEDY REVIEW
EVERY 5 YEARS, $50,000 EACH

YEAR PWF (5%)

5 0.7835
10 0.6139
15 0.4810
20 0.3769
25 0.2953
30 0.2314

2.7820

PRESENT WORTH COSTS




TABLE H.6
MEDLEY FARM SITE
GAFFNEY, SOUTH CAROLINA
ALTERNATIVE SC-2

CAPPING
UNIT
DESCRIPTION UNITS QUANTITY PRICE ($)
ROAD CONSTRUCTION
GRADING sY 2,000 0.75
AGGREGATE (NO. 57 STONE) cYy 1,000 29.00
BIAXIAL GEOGRID FT2 18,000 0.44
SUBTOTAL -
CAP CONSTRUCTION
CLEARING BRUSH ACRE 1 2,550
CLEARING BRUSH AND TREES TO 12 INCHES ACRE 2 3,625
COMMON CUT cy 2,500 3.39
COMMON FILL cYy 6,100 10.21
SELECT FILL cYy 1,500 15.07
60-MIL TEXTURED HDPE LINER FT2 65,000 0.77
COMPOSIT DRAINAGE NET FT2 65,000 0.50
TOPSOIL cY 1,500 29.17
EROSION CONTROL BLANKET sY 7,300 3.50
ANCHOR TRENCHING cYy 100 10.33
SUBTOTAL -
GEOTECHNICAL INSPECTOR
FULL-TIME INSPECTOR DAY 25 300
PROCTORS EA 6 125
REPORTING LS 1 4,000
SURVEYING EA 3 7,000
QA/QC TESTING (5%) LS 1 17,900
SUBTOTAL -
SWALE & CULVERT CONSTRUCTION
GRADING SY 400 0.75
RIP RAP 10} ¢ 200 28.60
BIAXIAL GEOGRID FT2 3,000 0.44
SUBTOTAL -
SEEDING
MOBILIZATION EA 1 300
HYDROSEEDING ACRE 2 2,000
SUBTOTAL -
FENCING
FENCE LF 1,200 15.00
GATES EA 1 1,000
SUBTOTAL -
INSTALLED COST -

TOTAL ($)

1,500
29,000
7,920
38,420

2,550
7,250
8,475
62,281
22,605
50,050
32,500
43,755
25,550
1,033
256,049

7,500
750
4,000
21,000
17,900
51,150

300
5720 .
1,320
7,340

300
4,000
4,300

18,000
1,000
19,000



TABLE H.6 (CONTINUED)
MEDLEY FARM SITE
GAFFNEY, SOUTH CAROLINA
ALTERNATIVE SC-2

CAPPING
UNIT
DESCRIPTION UNITS QUANTITY PRICE($) TOTAL(S)
FACTORED COSTS

HEALTH & SAFETY 3% OF INSTALLED COST 12,455
BONDS & INSURANCE 1% OF INSTALLED COST 4,152
CNTINGENCY 25% OF INSTALLED COST 103,790
ENG/CONST. MANAGEMENT 10% OF INSTALLED COST 41,516

SUBTOTAL- 161,912
TOTAL CAPPING COSTS 577,071
PRESENT WORTH O&M COSTS (TABLE G.6.1) 423,482
TOTAL PRESENT WORTH COSTS

REFERENCE: MEANS SITE WORK COST DATA, 1991




TABLE H.6.1
MEDLEY FARM SITE

GAFFNEY, SOUTH CAROLINA

ALTERNATIVE SC-2
CAPPING

DESCRIPTION

OPERATION & MAINTANCE
FENCE INSPECTION & REPAIR
TURF MAINTANCE
DRAINAGE INSPECTION & REPAIR
SETTLEMENT SURVEY

ANNUAL COSTS
PRESENT WORTH O&M COSTS PWF =
REMEDIAL PERIOD - 30 YEARS
INTEREST RATE - 5%
FIVE-YEAR REVIEW OF REMEDY (FROM TABLE G.5)

TOTAL PRESENT WORTH O&M COSTS

FREQUENCY
(MONTHS)

15.372

UNIT
PRICE ($)

2,500
2,000
4,000
2,000

ANNUAL
COST ($)

2,500
6,000
8,000
2,000
18,500

284,382

139,100



TABLE H.7

MEDLEY FARM SITE
GAFFNEY, SOUTH CAROLINA
ALTERNATIVE SC-3
SOIL VAPOR EXTRACTION

DESCRIPTION

CONSTRUCTION COSTS
SYSTEM PREPARATION
MOBILIZATION & INSTALLATION
CARBON
STARTUP

OPERATION & MAINTANCE COSTS
SYSTEM OPERATION
DECOMISSIONING

FACTORED COSTS
HEALTH &SAFETY
BONDS & INSURANCE
CONTINGENCY
ENG/CONST. MANAGEMENT

CONFIRMATION SOIL BORINGS

TOTAL PRESENT WORTH COSTS

REFERENCE: TERRA VAC, 1990

UNIT
UNITS QUANTITY PRICE ($)

LS 1 15,000
LS 1 125,000
LS 1 25,000
LS 1 25,000
SUBTOTAL -

MOS 12 15,000
LS 1 24,500
SUBTOTAL -

3% OF CONSTRUCTION AND O&M COST
1% OF CONSTRUCTION AND O&M COST
25% OF CONSTRUCTION AND O&M COST
10% OF CONSTRUCTION AND O&M COST

FACTORED COSTS ~

LS

JOTAL ($)

15,000
125,000
25,000
25,000
190,000

180,000
24,500
204,500

11,835
3,945
98,625
39,450
153,855

75,000
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Evaluation of Capping Design Alternatives

Using the HELP Model

A cap is intended to minimize the flow of infiltrating rain water through the unsaturated zone
and, in general, consists of three layers. The top layer consists of a vegetated or armored
surface component to promote vegetative growth and drainage off the cover and a soil
component of adequate thickness to assure that the underlaying layer is below the frost
zone. The second layer is a drainage layer that effectively reduces the amount of water
entering the low permeability bottom layer. The low permeability bottom layer is usually a
synthetic HDPE membrane that may be underlain by a layer of compacted clay.

The performance of a proposed cap or design alternatives can be evaluated by the EPA
HELP Model (Schroeder et. al,, 1988). The model takes climatologic, soil, vegetative and
design data as input and utilizes a mathematical model that accounts for the effects of
surface storage, run off, infiltration, evapotranspiration, soil moisture storage, lateral drainage
from the drainage layer and percolation. Percolation through the barrier layer is an
indication of groundwater contamination potential.

Table 1.1 contains values for typical input parameters. Porosity, field capacity, wilting point
and soil water content were estimated by following recommendations found in literature
(Schroeder et. al.,, 1988). The drainage layer is 200 mil composite drainage net with an
estimated permeability of 20 cm/sec under a loading of 10,000 Ib/f2. 1t is not expected that
under field conditions such a high overburden load will be encountered. A permeability of
20 cm/sec is therefore a reasonable estimate. However, a permeability of 10 cm/sec was
used to make the analysis further conservative. Permeabilities for the other layers are given
in Table 1.1.

Precipitation for the site was synthetically generated using standard corrections based on
mean monthly precipitation data for Gaffney, South Carolina.

The purpose of the evaluation here is to compare the relative effectiveness of two capping
designs featuring the following low permeability barrier options:

. 40 mil HDPE synthetic liner underiain by one foot of compacted clay
. 60 mil HDPE synthetic liner underlain by six inches of select fill

Sections of the capping options are presented in Figures [.1 and 1.2.
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Although it is not expected that water will leak through the HDPE membrane, an assumption
was made for the liner leakage fractions. For the 40 mil HDPE, it was assumed to be
0.01% and 0.001% for the 60 mil HDPE. Liner leakage fraction is the fraction of the liner
surface that is defective and allows water to flow through it.

In modeling, both the top soil layer and the common fill layer underneath the low
permeability barrier layer were ignored. The amount of percolation to the barrier layer is
overestimated and the model's prediction of net percolation to groundwater is excessive.

Table 1.2 presents results of the HELP model for the two different capping options. From
the table it is evident that both capping options are effective in minimizing the flow of
infiltrating rain water through the unsaturated zone underneath the cap. For option 1, the
percolation through the barrier layer is effectively zero while for option 2, it is 0.01 inches.
It is not expected that a head of 0.01 inches will have any significant impact on the
groundwater quality. The net infiltration of 0.01 inches is an overestimate because of the
overly conservative assumptions discussed previously. Actual infiltration beneath the 60 mil
liner would be less. The two capping options would achieve an equivalent level of
performance.

REFERENCES

Schroeder, P.R., Morgan, J.M., Walski, T.M., and Gibson, A.C., "The Hydrologic Evaluation
of Landfill Performance (HELP) Model".




TABLE I.1: Typical values for input parameters

LAYER 1

Vertical Percolation Layer

Thickness

Porosity

Field Capacity

Wilting Point

Initial Soil Water Content
Saturated Hydraulic Conductivity

LAYER 2
Lateral Drainage
Thickness
Porosity
Field Capacity
Wilting Point

Initial Soil Water Content
Saturated Hydraulic Conductivity
Slope

Drainage Length

LAYER 3

Layer

18 inches

0.40 vol/vol
0.24 vol/vol
0.14 vol/vo!l
0.25 vol/vol
104 cm/sec

0.20 inches
0.70 vol/vol
0.03 vol/vol
0.02 vol/vol
0.03 vol/vol
10 cm/sec
3 percent
120 feet

Barrier Soil Liner with Flexible Membrane Liner

Thickness

Porosity

Field Capacity

Wilting Point

Initial Soil Water Content

Saturated Hydraulic Conductivity
Liner Leakage Fraction (60 mil HDPE)

12 inches
0.43 vol/vol
0.36 vol/vol
0.28 vol/vol
0.43 vol/vol
107 cm/sec
0.001%



General Simulation Data

SCS Runoff Curve Number = 80.0

Total Area of Cover = 130000. sq. ft.
Evaporative Zone Depth = 15.00 inches
Upper Limit Veg. Storage = 5.9700 inches
Initial Veg. Storage = 3.6870 inches

Soil Water Content Initialized by User.

Climatological Data

Synthetic rainfall with synthetic daily temperatures and solar radiation for Charlotte, North

Carolina.

Maximum Leaf Area Index = 2.00
Start of Growing Season (Julian Date) = 87
End of Growing Season (Julian Date) = 313

Normal Mean Monthly Temperatures, Degrees Fahrenheit

JAN/JUL FEB/AUG MAR/SEP  APR/OCT MAY/NOV  JUN/DEC

49.90 54.60 64.30 72.90 80.10 87.10
90.50 88.90 82.70 73.40 64.40 55.20
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TABLE 1.2: Comparative Performances of The Two Capping Options as Evaluated by EPA HELP Model.

Capping Option: 1 - 40 mil HDPE with 12 inches compacted clay

Percolation
Top Layer Liner Annual Evapotran- Lateral from
Thickness Leakage Precipitation Run Off spiration Drainage Barrier
(inches) Fraction (Inches) (inches) (inches) (inches) Layer (inches)
12 0.0001 49.07 250 33.85 4.20 8.52
18 0.0001 49,07 2.34 34.75 11.96 0.0001
Capping Option: 2 - 60 mil HDPE with 6 inches select fill
Percolation
Top Layer Liner Annual Evapotran- Lateral from
Thickness Leakage Precipitation Run Off spiration Drainage Barrier.
(inches) Fraction (Inches) (inches) (inches) (inches) Layer (inches)
12 0.00001 49.07 2.61 34.05 .03 12.37
18 0.00001 49.07 245 35.01 11.46 0.12
NOTE:

In this Table a liner is identified by liner leakage fraction. For a 40 mil HDPE liner leakage fraction has been
assumed to 0.0001 and for that of 60 mil HDPE, it has been assumed to be 0.00001.




Capping
Option

Table 1.2

Comparative performances of the two capping options (Cont.)

2

Precipitation Runoff Evapotranspiration Lateral Drainage Percolation
Liner (inches) (inches) (inches) (inches) {(inches)
40 mil 50.03 2.80 35.24 11.99 0.00
60 mil 50.03 2.80 35.24 11.98 0.01

Reduction

In Infitration

100%

99.92%
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